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antigen or antibody to a blood sample and observing the resultant haemagglutination. 

Examples of haemolytic agent are saponins and surfactants. Blood sample is dissolved in 
haemolytic agent before haemagglutination, or a haemolytic agent is added to antigen- 
or antibody-sensitised carrier suspension to a concn. of 0.2-2.0% and then blood sample 
is dissolved in the suspension. The carrier is latex resin, inorganic adsorbent or 
immobilised red blood cells. 

USE/ ADVANTAGE - Method is useful in diagnosis of chronic arthritic rheumatism. It is 
unnecessary to prepare serum from blood to be examined, since red blood cells do not 
interfere with observation of haemagglutination. 
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DN 57:45467 
OREF 57:9085d-f 

TI Immune agglutination and lysis of antigen-modified 

erythrocytes from various animal species 
AU Bokkenheuser, V.; Gorzynski, E. A.; Cohen, E. ; Neter, E. 
CS Univ. of Buffalo, Buffalo, NY 
SO Soc. Exptl. Biol. Med. (1962), 110, 94-8 
DT Journal 
LA Unavailable 
CC 70 (Immunochemistry) 

AB Agglutination and lysis by antibodies of 

erythrocytes, modified by pretreatment with corresponding 
antigens, " were studied. Erythrocytes from man, sheep, and goat, 
modified by O antigens from Enterobacteriaceae and heterogenetic 
(staphylococcal) antigens, are readily agglutinated by the sp . antibodies 
and treatment with proteolytic enzymes only slightly enhances the 
agglutination reaction. Similarly treated erythrocytes 

from alligator and ox are not agglutinated, or agglutinated only in low 
titer; enzyme treatment markedly enhances the reaction. 
Erythrocytes from all these animal species modified by Vi antigen 
are readily agglutinated by Vi antiserum in high titer : Poorly 
agglutinable ox erythrocytes modified by 0 antigen are lysed in 
presence of O antibody and guinea pig complement. Vi antigen present 
together with O antigen on latex particles and 
erythrocytes significantly inhibits agglutination by O 
antibodies . 
IT Hemagglutination 

(after erythrocyte treatment with antigens, spp. and) 
IT Blood corpuscles, red. 

(antigen-treated, of different species) 
IT Staphylococcus 

(antigens 0 and Vi, agglutination and lysis of 
erythrocytes treated with) 
IT Enterobacteriaceae 

(antigens 0 of, agglutination and lysis of 
erythrocytes treated with) 
IT Antigens 

(erythrocytes treated with, hemagglutination and hemolysis 

of, spp, in relation to) 
IT Antibodies 

(to erythrocytes, after antigen treatment) 
IT Hemolysis., adenosine triphosphate 

(of antigen-modified erythrocytes, spp. and) 
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ABSTRACTED -PUB -NO: JP 60047962A 
BASIC- ABSTRACT: 

Method comprises adding a haemolytic agent and a suspension of carrier sensitised with 
antigen or antibody to a blood sample and observing the resultant haemagglutination. 

Examples of haemolytic agent are saponins and surfactants. Blood sample is dissolved in 
haemolytic agent before haemagglutination, or a haemolytic agent is added to antigen- 
or antibody-sensitised carrier suspension to a concn. of 0.2-2.0% and then blood sample 
is dissolved in the suspension. The carrier is latex resin, inorganic adsorbent or 
immobilised red blood cells. 

USE/ADVANTAGE - Method is useful in diagnosis of chronic arthritic rheumatism. It is 
unnecessary to prepare serum from blood to be examined, since red blood cells do not 
interfere with observation of haemagglutination. 
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7 ANSWER 1 OF 3 CAPLUS COPYRIGHT 2003 ACS on STN 
AN 2002:87271 CAPLUS 
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TI Whole blood immunoassay 

IN Uchida, Shinya; Konishi, Aya; Torii, Tsuneyoshi; Nakashima, Kazuhiro 
PA Sysmex Corporation, Japan 
SO Eur. Pat. Appl., 6 pp. 

CODEN: EPXXDW 
DT Patent 
LA English 
IC ICM G01N033-543 
CC 9-10 (Biochemical Methods) 

Section cross-reference ( s ) : 10, 14 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI EP 1176424 A2 20020130 EP 2001-116744 20010719 

R: AT, BE, -CH, DE, DK, ES, FR, GB, GR, IT, Lf, LU, NL, SE, MC, PT, 
IE, SI, LT, LV, FI, RO 
JP 2002107365 * A2 20020410 JP 2001-206798 20010706 

US 2002031791 Al 20020314 US 2001-915580 20010727 

PRAI JP 2000-226270 A 20000727 

AB A whole blood immunoassay includes the steps of mixing 
a whole blood sample with sensitized insol. carrier 
particles to cause an immune agglutination; dilg. the 
resulting agglutination mixt . with an aq. soln. contg. an 
erythrocyte lysing 'agent to lyse erythrocytes, thereby prepg. an 
assay sample; and detg. a degree of agglutination of the assay 
sample. 
ST blood immunoassay 
IT Immunoassay 

(agglutination test; whole blood 
immunoassay) 
IT Immunoassay 

(app.; whole blood immunoassay) 
IT Cytometry 

(flow; whole blood immunoassay) 
IT Antigens 

RL: ANT (Analyte) ; THU (Therapeutic use); ANST (Analytical study); BIOL 
(Biological study); USES (Uses) 

(hepatitis B surface; whole blood immunoassay) 
IT Blood analysis 
Carriers 
Cytolysis 
Dilution 
Erythrocyte 
Immunoassay 
Light scattering 
Mathematical methods 
Mixing 
Mixtures 

Particle size distribution 

Particles 
Reaction 
Solutions 
Surfactants 
Temperature 
Test kits 
Time 

(whole blood immunoassay) 
IT 151-21-3, Dodecylsodium sulfate, analysis 

RL: ARU (Analytical role, unclassified); ANST (Analytical study) 
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TI Process for the rapid and simple isolation of nucleic acids and other 
heat-agglomeration-resistant water-soluble nitrogen-containing organic 
compounds 

IN Holmes, David S. 

PA State University of New York, Research Foundation, USA 
SO U.S. , 6 pp. 
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DT Patent 
LA English 
IC ICM C12N001-06 

ICS C12N001-08; C07G017-00; C07K003-12 
NCL 435259000 

CC 9-9 (Biochemical Methods) 

Section cross-reference ( s ) : 10 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI US 4830969 A 19890516 US 1981-298064 19810831 

AB A process for the sepn. from other cellular materials of 

heat-agglomeration-resistant water-sol. N contg. org. compds . (e.g., 
plasmids, RNAs, mitochondrial DNAs, viral DNAs, chloroplast DNAs, other 
episomal DNAs and certain proteins) comprises heating cellular materials 
in a soln. of lysing agent to lyse the desired cells 

and to agglomerate water-sol. N-contg. compds. such as certain chromosomal 
DNAs which are not resistant to agglomeration; centrifuging the resulting 
product to remove water-sol. agglomerated materials; sepg. the supernatant 
liq. and pptg. the water-sol. agglomeration-resistant org. compds. with a 
water-sol. precipitant. The process also includes sepg. the 
agglomeration-resistant water-sol. N-contg. compds. from each other by 
means of exclusion chromotog. Yeast cells were suspended in a lysing 
soln. {urea 7, NaCl 0.35 M, EDTA 1 mM, and pH 8.0 Tris buffer 0.01M), SDS 
was added to 1%, and the soln. was rapidly brought to a boil and boiled 1 
min. The soln. was centrifuged at 12,000 .times, g for 5 min and the 
supernatant was removed and pptd. with isopropanol at -18. degree, for 
.gtoreq.30 min. The purified RNA was collected by centrifuging at 12,000 
.times, g for 10 min at 4. degree.. 

ST nucleic acid isolation heat agglomeration; RNA yeast purifn heat 
agglomeration 

IT Chloroplast 
Mitochondria 
Virus 

(DNA of, isolation and purifn, of, heat agglomeration in) 
IT Escherichia coli 

(RNA and plasmids of, isolation and purifn. of, heat agglomeration in) 
IT Liver, composition 
Soybean 
Yeast 

(RNA of, isolation and purifn. of, heat agglomeration in) 
IT Agglomeration 
Centrif ugation 
Chelating agents 
Chromatography, gel 
Precipitation 
Surfactants 

(in isolation and purifn. of nucleic acids and other 

heat-agglomeration-resistant water-sol . nitrogen-contg . org . compds . ) 
IT Plasmid and Episome 

Deoxyribonucleic acids 

Nucleic acids 

Peptides, preparation 

Proteins, preparation 

Ribonucleic acids 

RL: ANST (Analytical study) 

(isolation and purifn. of, heat agglomeration in) 
IT Mouse 

(liver cells of, RNA of, isolation and purifn. of, heat agglomeration 
in) 
IT Cell 

(nucleic acids and other heat-aqqlomeration-resistant water-sol. 



Miscellaneous 67-63-0, Isopropanol, uses and miscellaneous 108-95-2, 
Phenol, uses and miscellaneous 151-21-3, Sodium 
dodecyl sulfate, uses and miscellaneous 9001-63-2, 
Lysozyme 9002-93-1, Triton X-100 
RL: ANST (Analytical study) 

(in isolation and purifn. of nucleic acids and other 

heat-agglomeration-resistant water-sol. nitrogen-contg . org. compds.) 
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21 ANSWER 1 OF 5 BIOSIS COPYRIGHT 2002 BIOLOGICAL ABSTRACTS INC . DUPLICATE 1 
AN 1995:29827 BIOSIS 
DN PREV199598044127 

TI Cholate and pH reduce interference by sodium 

dodecyl sulfate in the determination of DNA with 
Hoechst . 

AU Bester, M. J. ; Potgieter, H. C. ; Vermaak, W. J. H. 

CS Dep. Chem. Pathol., Univ. Pretoria, P.O. Box 2034, Pretoria 0001 South 
Africa 

SO Analytical Biochemistry, (1994) Vol. 223, No. 2, pp. 299-305. 

ISSN: 0003-2697. 
DT Article 
LA English 

AB The use of the fluorescent dye 33258 Hoechst (Hoe) to quantitatively 
determine DNA in cell culture in the presence of lysing 
agents like sodium dodecyl sulfate (SDS) is 

limited by the masking effect of high levels of nonspecific fluorescence, 
caused by the binding of Hoe to micelles. The masking effect can be 
reduced substantially by increasing the concentration of the 
counterion, the addition of cholate, or the pH of the buffer. An optimized 
method was developed, combining the antimasking effects of sodium 
chloride, cholate, and pH to accurately determine DNA concentrations as 
low as 15 ng/ ml in the presence of up to 6.9 mm (0.2%) SDS. The 
effectiveness of SDS in cell dissolution can now be combined 
with the specificity and sensitivity of Hoe to determine cellular 
DNA . 

CC Cytology and Cytochemistry - Animal *02506 

Biochemical Methods - Nucleic Acids, Purines and Pyrimidines *10052 
Biochemical Studies - General *10060 

Biochemical Studies - Nucleic Acids, Purines and Pyrimidines *10062 
Biochemical Studies - Minerals 10069 
Metabolism - Minerals *13010 
BC Animalia - Unspecified *33000 
IT Major Concepts 

Biochemistry and Molecular Biophysics; Cell Biology; 
Metabolism; Methods and Techniques 
IT Chemicals & Biochemicals 

CHOLATE; SODIUM DODECYL SULFATE; SODIUM 
CHLORIDE 
IT Miscellaneous Descriptors 

ANALYTICAL METHOD; CELLULAR CONCENTRATION; MASKING EFFECT; 
MICELLE; SODIUM CHLORIDE; 33258 HOECHST 
ORGN Super Taxa 

Animalia - Unspecified : Animalia 
ORGN Organism Name 

animal (Animalia - Unspecified) ; Animalia (Animalia - Unspecified) 
ORGN Organism Superterms 

animals 
RN 81-25-4 (CHOLATE) 

151-21-3 (SODIUM DODECYL SULFATE) 
7647-14-5 (SODIUM CHLORIDE) 



L6 ANSWER 5 OF 16 CAPLUS COPYRIGHT 2002 ACS 
'AN 1996:738071 CAPLUS 
DN 126:4194 
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leukocytes from whole blood samples 
IN Ledis, Stephen L . ; Crews, Harold R.; Fischer, Timothy J.; Sena, Ted 
PA Coulter Electronics, Inc., USA 
SO Can. , 4 3 pp. 

CODEN: CAXXA4 
DT Patent 
LA English 
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PATENT NO. 
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19920329 


IL 1988-85532 


19880224 


WO 


8807187 


Al 


19880922 
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19880311 




"W: £U, BR, 


DK, JP, 


KR, NO 








RW: AT, BE, 


CH, DE, 


FR, GB, IT, 


LU, NL, SE 




AU 


8815417 


Al 


19881010 


AU 1988-15417 


19880311 


EP 


305491 


Al 


19890308 


EP 1988-903078 
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EP 
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Bl 


19960207 








R: BE, CH, 


DE, FR, 


GB, IT, LI, 


NL, SE 




JP 


01502931 


T2 


19891005 


JP 1988-502991 


19880311 


JP 


2796325- 


B2 


19980910 






ES 


2010248 


A6 


19891101 


ES 1988-749 


19880311 


EP 


627624' 


Al 


19941207 


EP 1994-113130 


19880311 


EP 


627624 


Bl 


19970521 








R: BE, CH, 


DE, FR, 


GB, IT, LI, 


NL, SE 




US 


5155044 - 


A 


19921013 


US 1991-808041 


19911212 


US 


5731206 


A 


19980324 


US 1996-630868 


19960329 


PRAI US 


1987-25303 




19870313 






US 


1987-130911 




19871210 






EP 


1988-903078 




19880311 






WO 


1988-US762 




19880311 






US 


1989-317147 




19890228 






US 


1990-611378 




19901113 






US 


1992-957543 




19921006 






US 


1994-325531 




19941018 







OS MARPAT 126:4194 

AB A reagent system is disclosed for chem. treatment of a whole- 
blood sample, said reagent system comprising a 1st aq. soln. 
having a lytic reagent comprising a water-sol. compd. that at least 
partially dissocs. in aq. media to generate free protons and counterions, 
said 1st aq. soln. comprising a blood cell differentiation effective amt . 
of said lytic reagent. Said reagent system is characterized in that it 
effects the partitioning of said whole blood sample 

into 2 distinct fractions, an essentially intact leukocyte fraction and a 
lysed-erythrocyte fraction; said blood cell 

differentiation effective amt. of said lytic reagent, when added to the 
whole blood sample, effecting: (1) a decrease in the pH 

of the sample from its physiol. level to a pH in the range of from about 
2.6 to about 4.0, while maintaining the osmolality of the sample at less 
than about 100 mOs; (2) rapid and essentially complete hemolysis of said 
erythrocyte fraction; and (3) subtle changes in said leukocyte 
fraction to enhance the ability of instrumentation to perform differential 
anal, and identification of at least 5 subpopulations of leukocytes, said 
subtle changes being effected while preserving said leukocyte fraction in 
its essentially native physiol. and/or immunochem. state. 

ST blood leukocyte isolation identification lytic reagent 

IT Cytometry 

(flow; method and reagent for leukocyte isolation and identification 
and/or anal, in whole blood) 
IT Antiserums 

Blood analysis 
Disease, animal 
Erythrocyte 
Hemolysis 



biological studies 75-75-2, Methanesulf onic acid 77-92-9, Citric acid, 
biological studies 88-75-5, o-Nitrophenol 98-11-3, Benzenesulf onic 
acid, biological studies 98-47-5, m-Nitrobenzenesulf onic acid 
100-02-7, p-Nitrophenol, biological studies 104-15-4, p-Toluenesulf onic 
acid, biological studies 106-48-9, p-Chlorophenol 110-15-6, 
Butanedioic acid, biological studies 554-84-7, m-Nitrophenol 594-45-6, 
Ethanesulfonic acid 767-00-0, p-Cyanophenol 7664-93-9, Sulfuric acid, 
biological studies 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); BUU (Biological use, unclassified); BIOL (Biological 
study); USES (Uses) 

(method and reagent for leukocyte isolation and identification and/or 

anal . in whole blood) 
144-55-8, Sodium bicarbonate, biological studies 497-19-8, Sodium 
carbonate, biological studies 7647-14-5, Sodium chloride (NaCl), 
biological studies 7757-82-6, Sodium sulfate, biological studies 
26628-22-8, Sodium azide 

RL: BUU (Biological use, unclassified); BIOL (Biological study); USES 
(Uses) 

(method and reagent for leukocyte isolation and identification and/or 
anal, in whole blood) 
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AB A reagent system is disclosed for chem. treatment of a whole- 
blood sample, said reagent system comprising a 1st aq. soln. 
having a lytic reagent comprising a water-sol. compd. that at least 
partially dissocs. in aq. media to generate free protons and counterions, 
said 1st aq. soln. comprising a blood cell differentiation effective amt . 
of said lytic reagent. Said reagent system is characterized in that it 
effects the partitioning of said whole blood sample 

into 2 distinct fractions, an essentially intact leukocyte fraction and a 
lysed-erythrocyte fraction; said blood cell 

differentiation effective amt. of said lytic reagent, when added to the 
whole blood sample, effecting: (1) a decrease in the pH 

of the sample from its physiol. level to a pH in the range of from about 
2.6 to about 4.0, while maintaining the osmolality of the sample at less 
than about 100 mOs; (2) rapid and essentially complete hemolysis of said 
erythrocyte fraction; and (3) subtle changes in said leukocyte 
fraction to enhance the ability of instrumentation to perform differential 
anal, and identification of at least 5 subpopulations of leukocytes, said 
subtle changes being effected while preserving said leukocyte fraction in 
its essentially native physiol. and/or immunochem. state. 

ST blood leukocyte isolation identification lytic reagent 

IT Cytometry 

(flow; method and reagent for leukocyte isolation and identification 
and/or anal, in whole blood) 
IT Antiserums 

Blood analysis 
Disease, animal 
Erythrocyte 
Hemolvsis 



biological studies 75-75-2, Methanesulf onic acid 77-92-9, Citric acid, 
biological studies 88-75-5, o-Nitrophenol 98-11-3, Benzenesulf onic 
acid, biological studies 98-47-5, m-Nitrobenzenesulf onic acid 
100-02-7, p-Nitrophenol, biological studies 104-15-4, p-Toluenesulf onic 
acid, biological studies 106-48-9, p-Chlorophenol 110-15-6, 
Butanedioic acid, biological studies 554-84-7, m-Nitrophenol 594-45-6, 
Ethanesulfonic acid 767-00-0, p-Cyanophenol 7664-93-9, Sulfuric acid, 
biological studies 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); BUU (Biological use, unclassified); BIOL (Biological 
study); USES (Uses) 

(method and reagent for leukocyte isolation and identification and/or 

anal, in whole blood) 
144-55-8, Sodium bicarbonate, biological studies 497-19-8, Sodium 
carbonate, biological studies 7647-14-5, Sodium chloride (NaCl), 
biological studies 7757-82-6, Sodium sulfate, biological studies 
26628-22-8, Sodium azide 

RL: BUU (Biological use, unclassified); BIOL (Biological study); USES 
(Uses) 

(method and reagent for leukocyte isolation and identification and/or 
anal, in whole blood) 
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PATENT NO. KIND DATE APPLICATION NO. DATE 



PI US 4745071 A 19880517 US 1986-914637 19861002 

PRAI US 1985-772666 19850905 
OS MARPAT 110:91671 

AB Improved reagents and methods for obtaining distinct differentiation of 
platelets, erythrocytes, and certain leukocyte subpopulations 
are disclosed. 1 , 3-Dimethylurea is a cell stabilizing agent for use in 
the blood diluent reagent. A diluent and a wetting agent (e.g. Diazopon) 
are combined to provide a hematol. analyzer detergent with the necessary 
attributes for an automatic analyzer. The lysj-ny reagent is 
selective and intrinsically gentle and comprises an aq. soln. of a single 
quaternary ammonium salt. Leukocyte subpopulation volumetric 
differentiation in an automated system comprises mixing a whole 
blood sample with the diluent, adding the lysing agent 
extremely slowly, and analyzing the sample on an automatic 
particle analyzer to enumerate the lymphocyte and neutrophilic 
granulocyte subpopulations and to quant, evaluate the infrequent and rare 
leukocyte subpopulations. Automated hematol. anal, involved feeding a 
mixt. of whole blood and diluent, comprising Na2S04 

10.0, NaCl 4.2, 1 , 3-dimethylurea 1.0, l-hydroxypyridine-2-thione 0.1, ADA 
buffer 1.4, NaOH 0.5 g, and water to 1 L, into a white cell counting bath; 
slowly adding lysing agent, comprising dodecyltrimethylammonium 
chloride (50% wt . /vol . ) 75, KCN 150 mg, and water to 1 L, to the counting 
bath; and analyzing the mixt. The normal leukocyte distribution had 76% 
neutrophils, 20% lymphocytes, and 4% infrequent leukocytes. A patient 
with a severe deficiency of lymphocytes had a distribution of 87%, 7%, and 
6%, resp. 

ST blood cell differentiation reagent; neutrophil lymphocyte infrequent 
leukocyte sepn; dimethylurea blood cell stabilization; 
dodecyltrimethylammonium chloride hematol 
IT Bactericides, Disinfectants, and Antiseptics 
Salts, biological studies 
RL: BIOL (Biological study) 

{blood diluent contg., in automated volumetric differentiation of blood 
leukocytes) 

IT Quaternary ammonium compounds, biological studies 
RL: ANST (Analytical study) 

(lysing agent contg., in automated volumetric differentiation 
of blood leukocytes) 
IT Leukocyte 
Lymphocyte 
Neutrophil 

(no. of, automated volumetric detn. of, reagents for) 
IT 96-31-1, 1, 3-Dimethylurea 

RL: ANST (Analytical study) 

(as cell stabilizer in automated volumetric differentiation of blood 
leukocytes) 

IT 1121-30-8, l-Hydroxypyridine-2-thione 1132-61-2, MOPS 1310-73-2, 
Sodium hydroxide, biological studies 5625-37-6, PIPES 6976-37-0, 
BIS-TRIS 7365-44-8 7365-45-9, HEPES 7647-14-5, Sodium chloride, 
biological studies 7757-82-6, Sodium sulfate, biological studies 
10191-18-1 26239-55-4 
RL: ANST (Analytical study) 

(blood diluent contg., in automated volumetric differentiation of blood 
leukocytes) 
IT 1 SI -50-8- Potassium cvanide 
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DT Patent 
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PI US 4745071 A 19880517 US 1986-914637 19861002 

PRAI US 1985-772666 19850905 
OS MARPAT 110:91671 

AB Improved reagents and methods for obtaining distinct differentiation of 
platelets, erythrocytes, and certain leukocyte subpopulations 
are disclosed. 1, 3-Dimethylurea is a cell stabilizing agent for use in 
the blood diluent reagent. A diluent and a wetting agent (e.g. Diazcpon) 
are combined to provide a hematol. analyzer detergent with the necessary 
attributes for an automatic analyzer. The lysing reagent is 
selective and intrinsically gentle and comprises an aq. soln. of a single 
quaternary ammonium salt. Leukocyte subpopulation volumetric 
differentiation in an automated system comprises mixing a whole 
blood sample with the diluent, adding the lysing agent 
extremely slowly, and analyzing the sample on an automatic 
particle analyzer to enumerate the lymphocyte and neutrophilic 
granulocyte subpopulations and to quant, evaluate the infrequent and rare 
leukocyte subpopulations. Automated hematol. anal, involved feeding a 
mixt. of whole blood and diluent, comprising Na2S04 

10.0, NaCl 4.2, 1 , 3-dimethylurea 1.0, l-hydroxypyridine-2-thione 0.1, ADA 
buffer 1.4, NaOH 0.5 g, and water to 1 L, into a white cell counting bath; 
slowly adding lysing agent, comprising dodecyltrimethylammonium 
chloride (50% wt./vol.) 75, KCN 150 mg, and water to 1 L, to the counting 
bath; and analyzing the mixt. The normal leukocyte distribution had 76% 
neutrophils, 20% lymphocytes, and 4% infrequent leukocytes. A patient 
with a severe deficiency of lymphocytes had a distribution of 87%, 7%, and 
6%, resp. 

ST blood cell differentiation reagent; neutrophil lymphocyte infrequent 
leukocyte sepn; dimethylurea blood cell stabilization; 
dodecyltrimethylammonium chloride hematol 
IT Bactericides, Disinfectants, and Antiseptics 
Salts, biological studies 
RL: BIOL (Biological study) 

(blood diluent contg., in automated volumetric differentiation of blood 
leukocytes ) 

IT Quaternary ammonium compounds, biological studies 
RL: ANST (Analytical study) 

(lysing agent contg., in automated volumetric differentiation 
of blood leukocytes) 
IT Leukocyte 
Lymphocyte 
Neutrophil 

(no. of, automated volumetric detn. of, reagents for) 
IT 96-31-1, 1, 3-Dimethylurea 

RL: ANST (Analytical study) 

(as cell stabilizer in automated volumetric differentiation of blood 
leukocytes ) 

IT 1121-30-8, l-Hydroxypyridine-2-thione 1132-61-2, MOPS 1310-73-2, 
Sodium hydroxide, biological studies 5625-37-6, PIPES 6976-37-0, 
BIS-TRIS 7365-44-8 7365-45-9, HEPES 7647-14-5, Sodium chloride, 
biological studies 7757-82-6, Sodium sulfate, biological studies 
10191-18-1 26239-55-4 
RL: ANST (Analytical study) 

(blood diluent contg., in automated volumetric differentiation of blood 
leukocytes) 
IT 151-50-8, Potassium cvanide 
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AB A method for the detn. of the percent of Hb Ala-c relative to the total Hb 
content in blood samples as a diagnostic indicator of blood sugar levels 
is described, using a DEAE-cellulose anion-exchange microchromatog . 
system. The column bed of cellulose particles are equilibrated 
to pH 8.5 at 22. 5. degree, using a tris-cyanide soln. consisting of 6.06 g 
tris (0.05 M) , 0.10 g KCN (0.01%), and 0.10 g NaN3 (0.01%) as 
preservative. A whole blood sample is lysed 
and an erythrocyte hemolyzate prepd. The hemolyzate is 

introduced into the end of the column, eluted with the tris-cyanide soln., 
and the eluate measured spectrometrically . The remaining Hb fractions are 
successively eluted and these eluates measured spectrometrically. The 
percentage of the amt . of the 1st eluate relative to the amt. of the total 
hemolyzate is used as the diagnostic indicator. The method is useful in 
diabetes diagnosis. 
ST Hb detn erythrocyte blood sugar; anion exchange chromatog Hb; 

diabetes diagnosis Hb erythrocyte 
IT Erythrocyte 

(Hb Ala-c detn. in, for diabetes diagnosis) 
IT Diabetes mellitus 

(Hb A2a-c detn. in erythrocytes in diagnosis of) 
IT Hemoglobins 

RL: ANT (Analyte) ; ANST (Analytical study) 

(detn. of, in erythrocytes, for diabetes diagnosis) 
IT Blood analysis 

(glucose detn. in, Hb Ala-c detn. in erythrocytes in relation 
to) 

IT 9013-34-7 

RL: ANST (Analytical study) 

(as anion-exchange chromatog. stationary phase, in Hb Ala-c detn. in 
erythrocytes ) 
IT 77-86-1 151-50-8 

RL: ANST (Analytical study) 

(buffer contg. tris and, in chromatog. of Hb Ala-c of 
erythrocytes ) 
IT 59979-42-9 59979-43-0 62572-11-6 

RL: ANT (Analyte); ANST (Analytical study) 

(detn. of, in erythrocytes, for diabetes diagnosis) 
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AB A method for the 


detn. 


of the percent 


of 


Hb Ala-c relative to tl 



content in blood samples as a diagnostic indicator of blood sugar levels 

is described, using a DEAE-cellulose anion-exchange microchromatog . 

system. The column bed of cellulose particles are equilibrated 

to pH 8.5 at 22. 5. degree, using a tris-cyanide soln. consisting of 6.06 g 

tris (0.05 M), 0.10 g KCN (0.01%), and 0.10 g NaN3 (0.01%) as 

preservative. A whole blood sample is lysed 

and an erythrocyte hemolyzate prepd. The hemolyzate is 

introduced into the end of the column, eluted with the tris-cyanide soln., 
and the eluate measured spectrometrically . The remaining Hb fractions are 
successively eluted and these eluates measured spectrometrically. The 
percentage of the amt. of the 1st eluate relative to the amt. of the total 
hemolyzate is used as the diagnostic indicator. The method is useful in 
diabetes diagnosis. 
ST Hb detn erythrocyte blood sugar; anion exchange chromatog Hb; 

diabetes diagnosis Hb erythrocyte 
IT Erythrocyte 

(Hb Ala-c detn. in, for diabetes diagnosis) 
IT Diabetes mellitus 

(Hb A2a-c detn. in erythrocytes in diagnosis of) 
IT Hemoglobins 

RL: ANT (Analyte) ; ANST (Analytical study) 

(detn. of, in erythrocytes, for diabetes diagnosis) 
IT Blood analysis 

(glucose detn. in, Hb Ala-c detn. in erythrocytes in relation 
to) 

IT 9013-34-7 

RL: ANST (Analytical study) 

(as anion-exchange chromatog. stationary phase, in Hb Ala-c detn. in 
erythrocytes ) 
IT 77-86-1 151-50-8 

RL: ANST (Analytical study) 

(buffer contg. tris and, in chromatog. of Hb Ala-c of 
erythrocytes ) 
IT 59979-42-9 59979-43-0 62572-11-6 

RL: ANT (Analyte); ANST (Analytical study) 

(detn. of, in erythrocytes, for diabetes diagnosis) 
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DT Patent 
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PI US 4286963 A 19810901 US 1979-96697 19791123 

AB A lytic diluent and a method are described for rapidly lysing 
erythrocytes in whole blood for the 

differential detn. of lymphoid (lymphocytes) and myeloid (neutrophils, 
monocytes, eosinophils, and basophils) populations of leukocytes and for 
detn. of Hb, esp. in automatic particle-counting systems. The 
diluent contains It oreq . 1 surf ace -active quaternary ammonium salt, 
substituted short-chain alkanols and polyhydroxy compds . as additives, 
and, when the reagent is used in lower concns . , a reagent contg. a 
quaternary ammonium salt and an alkali metal cyanide, at alk. pH, may be 
added to complete chromogen formation. Thus, a stronger-concn . , 1-reagent 
lysing reagent was prepd. by mixing, in 0.9% NaCl, 250 mg/L 
Cetrimide (hexadecyltrimethylammonium bromide) for efficient 
erythrocyte lysis, 200 mg/L My tab 

(tetradecyltrimethylammonium bromide) for Hb conversion to chromogen, 0.6% 

2-phenoxyethanol to improve leukocyte distribution and the Hb chromogen 

curve, 5% sorbitol to improve peak sepn., and 0.2% citric acid. The final 

soln. was at pH 4.0. Chromogen formation required 30-60 s for completion, 

depending on the additives used. 
ST blood leukocyte Hb detn hemolysis reagent; erythrocyte hemolysis 

reagent; automated leukocyte differentiation reagent 
IT Hemoglobins 

RL: ANT (Analyte) ; ANST (Analytical study) 

(detn. of, automated, hemolysis reagents for) 
IT Basophil 

Eosinophil 

Leukocyte 

Lymphocyte 

Monocyte 

Neutrophil 

(differential detn. of, automated, hemolysis reagents for) 
IT Hemolysis 

(reagents for, for automated leukocyte differentiation and Hb detn.) 
IT Quaternary ammonium compounds, compounds 
RL: ANST (Analytical study) 

(salts, hemolysis reagent contg., for automated leukocyte differential 
and Hb detn. ) 
IT 7558-79-4 7758-11-4 

RL: ANST (Analytical study) 

(buffer, hemolysis reagent contg., for automated leukocyte 
differentiation and Hb detn.) 
IT 8044-71-1 50-70-4, uses and miscellaneous 122-99-6 151-50-8 
1119-97-7 

RL: ANST (Analytical study) 

(hemolysis reagent contg., for automated leukocyte differentiation and 
Hb detn.) 
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PI US 4286963 A 19810901 US 1979-96697 19791123 

AB A lytic diluent and a method are described for rapidly lysing 
erythrocytes in whole blood for the 

differential detn. of lymphoid (lymphocytes) and myeloid (neutrophils, 
monocytes, eosinophils, and basophils) populations of leukocytes and for 
detn. of Hb, esp. in automatic particle-counting systems. The 
diluent contains . Itoreq-J surf ace- act ive quaternary ammonium salt; 
substituted short-chain alkanols and polyhydroxy compds. as additives, 
and, when the reagent is used in lower concns . , a reagent contg. a 
quaternary ammonium salt and an alkali metal cyanide, at alk. pH, may be 
added to complete chromogen formation. Thus, a stronger-concn . , 1-reagent 
lysing reagent was prepd. by mixing, in 0.9% NaCl, 250 mg/L 
Cetrimide (hexadecyltrimethylammonium bromide) for efficient 
erythrocyte lysis, 200 mg/L Mytab 

(tetradecyltrimethylammonium bromide) for Hb conversion to chromogen, 0.6% 

2-phenoxyethanol to improve leukocyte distribution and the Hb chromogen 

curve, 5% sorbitol to improve peak sepn., and 0.2% citric acid. The final 

soln. was at pH 4.0. Chromogen formation required 30-60 s for completion, 

depending on the additives used. 
ST blood leukocyte Hb detn hemolysis reagent; erythrocyte hemolysis 

reagent; automated leukocyte differentiation reagent 
IT Hemoglobins 

RL: ANT (Analyte) ; ANST (Analytical study) 

(detn. of, automated, hemolysis reagents for) 
IT Basophil 

Eosinophil 

Leukocyte 

Lymphocyte 

Monocyte 

Neutrophil 

(differential detn. of, automated, hemolysis reagents for) 
IT Hemolysis 

(reagents for, for automated leukocyte differentiation and Hb detn.) 
IT Quaternary ammonium compounds, compounds 
RL: ANST (Analytical study) 

(salts, hemolysis reagent contg., for automated leukocyte differential 
and Hb detn . ) 
IT 7558-79-4 7758-11-4 

RL: ANST (Analytical study) 

(buffer, hemolysis reagent contg., for automated leukocyte x 
differentiation and Hb detn.) 
IT 8044-71-1 50-70-4, uses and miscellaneous 122-99-6 151-50-8 
1119-97-7 

RL: ANST (Analytical study) 

(hemolysis reagent contg., for automated leukocyte differentiation and 
Hb detn. ) 
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PI JP 60047962 A2 19850315 JP 1983-154922 19830826 

JP 02051150 B4 19901106 

PRAI JP 1983-154922 19830826 

AB A whole blood sample is treated with a reagent contg. 

hemolyzing agents (such as saponins) and then with antibody or 
antigen-sensitized carriers for the detection of blood antigens or 
antibodies by agglutination reaction. Hemolyzing agents cause 
hemolysis of erythrocytes which interfere with the 
agglutination reaction. Thus, polystyrene latex (0.117 .mu. 
diam.) was sensitized with human . gamma . -globulin and sensitized latex was 
mixed with 0.5% bovine serum albumin and 0.4% saponin to form a reagent 
for the detection of rheumatoid factor in whole blood. 

ST blood rheumatoid factor detection; latex reagent rheumatoid factor 

detection; saponin latex reagent rheumatoid factor detection; antigen detn 
blood latex reagent; antibody detn blood latex reagent 

IT Rheumatoid factors 

RL: ANT (Analyte) ; ANST (Analytical study) 

(detection of, in human whole blood, sensitized 
latex reagents contg. hemolyzing agents for) 

IT Antibodies 
Antigens 

RL: ANT (Analyte); ANST (Analytical study) 
(detn. of, in blood, latex reagent for) 
IT Blood analysis 

(rheumatoid factor detection in, of human, sensitized latex reagent 
contg. hemolyzing agent for) 
IT Saponins 

RL: ANST (Analytical study) 

(sensitized latex reagents contg., for rheumatoid factor detection in 
whole blood) 
IT Globulins, blood 

RL: ANST (Analytical study) 

(.gamma.-, polystyrene latex sensitized with, reagent contg. saponin 

and, for rheumatoid factor detection in whole blood 

) 

IT 9003-53-6 

RL: ANST (Analytical study) 

(latex, globulin-sensitized, reagent contg. saponin and, for rheumatoid 
factor detection in whole blood) 
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& tit W 6 C & & ft £ & 52(0 ^ rit ) 

Jb£01^ft£4&51<oT £ v \ .i z \z. r * h - h u 
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111 
ill 


i 71 

1 • r 3 


7 C " ] 


// 34 


0 I 1 

V • 1 1 


1 1 3 
1 1 j 


1 7*i 


8 (it tfif ) 


C — 2 
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@ Artificial carrier particles and method for preparation thereof. 

© An artificial carrier particle comprising an anionic polymer and i synthetic polyamino acid having at least 
one carboxylic group and at least one amino group in its side chain, the complex being insolubihzed by an 
aldehyde crosslinking agent The artificial carrier particle is useful in immunoassays, in particular, particle 
immunoassays. The artificial carrier particles are obtained by preparing an aqueous solution containing an 
anionic polymer and a synthetic polyamino acid comprising at least one free carboxyl group and at least one 
free amino group in its side chain, adjusting the pH of the solution to 3.5 to 9.5 at room temperature or at 
progressively increasing temperature under stirring to form a solution of particles of a desired particie size, and 
insolubilizing the particles by an aldehyde crosslinking agent. 
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Artificial Carrier Particles and Method for Preparation thereof 

The present invention relates to novel artificial particles useful as carriers for immunoassays, in 
particular, particle immunoassays, to the preparation thereof and to immunoassay reagents comprising the 
particles. 

The method for particle immunoassays is based on the steps of using particles of appropriate size as 

s carriers, sensitizing (adsorbing or binding) antigens or antibodies onto the carriers and observing the 
agglutination of the thus sensitized carriers caused by antibodies or antigens corresponding thereto. 

Examples of the most popular carriers conventionally used in particle immunoassays include eryth- 
rocytes of various animals such as sheep and chicken, and artificial synthetic polymer particles such as 
polystyrene latex particles. Although the former method in which the erythrocytes of animals are used as 

10 the carriers has been known as one utilizing the so-called hemagglutination, this method has advantages in 
that it can be applied to many kinds of antigens and antibodies and, for example, the immunoassay can be 
finished in a short time (1 to 2 hours) by employing the microliter method. However, there are disadvan- 
tages in that the erythrocytes per se have inherent antigenicity so that non-specific agglutination arises 
easily, and that differences in the properties of the erythrocytes depending on the individual, season and 

75 the like are very large and the erythrocytes cannot be obtained in a uniform quality since they are collected 
from living animals. Furthermore, although there is an advantage in that the size of the erythrocytes is 
constant for a given kind of animal, this causes a disadvantage in that there cannot be obtained particles 
having a desired size in accordance with the purpose of use. 

On the other hand, synthetic polymer particles such as polystyrene latex generally have a particle 

20 diameter of about 0.1- 1 um and the particles are particular useful as carriers for an agglutination reaction. 
The particles have advantages in that the particles per se have no antigenicity and can be constantly 
obtained in a uniform quality and in a large amount However, in the case where the microtiter method is 
used in order to obtain a high sensitivity and to conduct a quantitative analysis, the carriers consisting of the 
conventional synthetic polymer particles have a problem in that a long time period is required for 

25 sedimention, compared with the case of using erythrocytes as carriers and, therefore, the assay cannot be 
finished rapidly. In addition, there is a possibility of natural agglutination, i.e., non-specific agglutination, 
occurring in the natural pH region preferable for an immunoreaction medium. 

Although it is known that natual inorganic particles such as kaolin and carbon powder are useful as the 
carriers mentioned above, there particles have disadvantages in that the antibodies or antigens are difficult 

30 to sensitize to a high degree and cannot easily be selected in a constant particle range, and therefore, the 
particles can only be used in an extremly limited field. 

Furthermore, there has recently been developed an artificial carrier comprising gelatin, water soluble 
polysaccharides and sodium polymethacrylate and being crosslinked by an aldehyde crosslinking agent 
(see JP-A-57-1 53658 and 57-160465) and this carrier is being used as a carrier consisting of gelatin 

35 particles instead of animal erythrocytes. The above mentioned Japanese Patent Un-examined Publications 
disclose that the artificial particles have properties similar to those of animal erythrocytes, which are the 
best conventional carriers for immunoagglutination reactions, are also chemically "and physically stable, 
have no antigenicity, and can be easily prepared in a desired particle size in a large amount. 

However, gelatin is a natural protein material and its properties change depending on the raw material 

40 so that the particles cannot always be prepared with uniform properties. Furthermore, the trend towards 
greater speed and automation in the field of clinical analysis makes it desirable to be able to carry out the 
reaction in the agglutination reaction analysis more rapidly than possible using animal erythrocytes or 
gelatin particles. 

. Therefore, the present invention aims to provide novel carrier particles which are more uniform and 
45 stable and enable the agglutination reaction to be carried out more rapidly, compared with conventional 
carriers. The carrier particles of the present invention are prepared from a starting material which is not a 
natural material but a synthetic material, i.e., polyamino acid, where the coacervation method is used as a 
granulation method. 

Contrary to gelatin, the polyamino acid used in the present invention does not gelatinize at room 
so temperature in the granulation process, so that it is possible to prepare coacervate particles. In this method, 
it is unnecessary to cool the system at the time of making the particles insolubl and also unnecessary to 
control the temperature of the system, since the speed of the reaction between the particles and the 
crosslinking agent is slow. 

It is suggested in JP-A-55-94636 that synthetic polyamino acid be used as carrier particles for an 
antigen-antibody reaction. The publication relates to a microcapsule for use in an antigen-antibody reaction 
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obtained by the coacervation microcapsule technique and discloses on page 5 line 2 from the bottom, that 
potyamino acid resin can be used as a material capable of forming a capsule shell. How ver, this prior art 
substantially discloses gelatin-gum arabic capsule particles, the core of which is formed from oily material 
and does not specifically disclose any method for preparing capsule particles by using a particular 
polyamino acid under particular conditions. In fact, experiments conducted by the present inventors 
revealed that it was very difficult to obtain particles using a commercially available polyamino acid, for 
example, poly-L-glutamic acid, under coacervation. 

Furthermore, JP-A-62-1728 discloses a polyamino acid spherical particle and a method for the 
preparation thereof and also discloses that one of its uses is as a latex for bioreaction. However, since the 
particles are prepared by dissolving a hydrophobic polyamino acid in an organic solvent and dispersing the 
thus prepared solution into an aqueous medium which is a non-solvent the thus-prepared particles are 
essentially hydrophobic and have disadvantages similar to those of polystyrene latex. In addition, as is clear 
from the Examples set out in the specification, the spherical particles prepared by this conventional method 
are of a particle diameter of about 40- 75 urn or 75 - 200um. It has been confirmed that even when 
particles of not more than 10am are obtained by sieving the thus obtained particles are not true spheres 
and do not sufficiently sensitize the antigens and antibodies. 

ft is therefore the object of the present invention to provide improved artificial carrier particles which 
overcome the disadvantages of conventional carrier particles for particle immunoassays, in particular, carrier 
particles which are chemically and physically stable and which are capable of producing results in a short 
time period in an assay such as a micrbpiate agglutination reaction. 

This object can be attained by forming particles of a complex comprising a synthetic polyamino acid 
having at least one carboxyl group and at least one amino group in its side chain and an anionic polymer 
by phase separation, i.e., coacervation, and insolubiiizing the resulting particles utilizing a crosslinking agent 
so as to obtain artifical particles. In more detail, the artificial carrier particles of this invention can be 
obtained by preparing a synthetic polyamino acid having at least one carboxyl group and at least one amino 
group in its side chain in an appropriate ratio as described later, forming liquid drops (coacervate) of small 
size from the polyamino acid and a water soluble anionic polymer according to the complex coacervation 
method and insolubiiizing the drops. In this regard, there can be obtained carrier particles having a desired 
particle diameter and sensitivity by appropriately controlling the ratio of the carboxyl group and the amino 
group present in the polyamino acid as the raw material, the mixing ratio of the polyamino acid and the 
anionic polymer, and the coacervation parameters, for example, the pH. 

Fig. 1 represents reaction equations by which synthetic polyamino acids of the present invention 
having at least one carboxyl group and at least one amino group are prepared; 

Fig. 2 represents another reaction equation by which a synthetic polyamino acid of the present 
invention having at least one carboxyl group and at least one amino group is prepared; 

Fig. 3 also represents other reaction equations by which a synthetic polyamino acid of the present 
invention having at least one carboxyl group and at least one amino group is prepared; 

Fig. 4 is a histogram showing the particle diameter distribution (volume distribution) of the carrier 
particles of Fig. 1; and 

Fig. 5 is a photograph showing the structure of the carrier particles of the present invention (Sample 

2). . 

Although the polyamino acid having at least one carboxyl group and at least one amino group in its side 
chain usable in this invention can be prepared by any method known in the art, one of the following three 
methods is generally preferable. In this connection, polyamino acids used as raw material and the method 
for the preparation thereof are well known and therefore, any of various kinds of the polymers and methods 
for the preparation thereof can be selected in accordance with the purpose. 



(1) Introduction of an amino group into an acidic polyamino acid having the following formula: 



X=1 aspartic acid 
X=2 glutamic acid 



4C-CH-NH*n 
II ! 

0(CH 2 )x 
I 

coox 
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As shown by th reaction equations of Fig. 1, the amino group is introduced into the polyamino acid via 
a COOX group thereof by the use of a polyamine or amino alcohol having a valency of not less than two. 
The marks ® to © have the following meanings: 

® X generally represents a protective group and usually represents a methyl, ethyl or benzyl group. 

s @ Although a divalent aliphatic amine is shown (m = 2,3,4,6 ), for convenience, an aryi amin 

such as phenyiene diamine and polyamines having a valency of not less than three, can be used insofar as 
the introduction of the amino group can be accomplished for the purpose of the present invention. 

© Hydrolysis is carried out to eliminate the protective group. In this case, an alkali such as NaOH 
and KOH is ordinarily used. 
70 @ P is zero or 1 . Alternatively, the following compound or the like can be used. 

/ \ 

\ , / 



20 © Although an aliphatic alcohol (m = 2,3,4,6, ) is shown, an aryl alcohol or the like can be 

used. 

© P-toluene sulphonic acid, HCI or the like can be used as an acid catalyst 
25 (2) Introduction of a COOH group into a basic polyamino acid having the following formula: 



30 



-£C— CH— NH-Ki x=2 a, t -diaminobutyric acid 
II I 

O ( CH 2 ) * x =3 ornithine 

NH ~ X X=U lysine 



35 



As shown by the reaction equation of Fig.2, a COOH group is introduced into the polyamino acid via the 
NH2 group thereof by use of an acid anhydride. The marks ® to © have the following meanings: 

® The compound after eliminating the protective group is shown. As a rule, the NH2 group of a 
basic polyamino acid is protected e.g. by carbobenzoxy ( Cbz ), P-chlorocarboxybenzoxy ( Clz ) during the 
40 synthesis. The elimination of the protective group can be carried out by any conventional method. 
@ is the same as @ of (1),mentioned above. 



(3) Copolymerization of an acidic amino acid and a basic amino acid: 

45 

The copolymerization can be carried out according to the reaction equation as shown in Fig.3. As one 
example, Fig.3 shows the copolymerization of glutamic acid and lysine, and a similar method can be 
applied to any case of use of other amino acids. 

A copolymer of an acidic polyamino acid and a neutral polyamino acid, a copolymer of a basic 
50 polyamino acid and a neutral polyamino acid, and a copolymer of an acidic polyamino acid, a basic 
polyamino acid and a neutral polyamino acid can also be used to prepare a polyamino acid having at least 
one carboxyl group and at least one amino group in its side chain for the present invention, through such 
procedures as set out in-(1), (2) and (3) above, respectively. 

The various process parameters for the methods (1) to (3) are well known in the art and are described 
55 in various publications. For example, where the introduction of an amino group in the method (1) is carried 
out by use of ethylene diamine, hexam thylene diamine or the like as an amination agent, the diamine is 
added to a polymer (a commercially available polymer is usable) in an appropriate ratio and these materials 
are reacted in water, preferably in distilled water, for 20 minutes to 2 hours under progressively increasing 
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temperature, for exampl ,at the reflux temperature, and the hydrolysis is carried out in the presence of an 
alkali such as NaOH, preferably under progressively increasing temperature, for 2 to 20 hours, preferably 5 
to 15 hours. Since th polymer unit ratio of a to b (cf. Fig. 1 and 2), i.e. ( the ratio of COOH groups to NH 2 
groups contained in th polymer can be changed to an appropriate valu by adjusting th w ight ratio of 

5 the starting polymer to the amination agent (for the method as shown in (1),above), the weight ratio of the 
starting polymer to the partial carboxylation agent (the method as shown in (2), above), or th ratio of the 
respective polymers for the copolymerization (the method as shown in (3),above), the present invention has 
advantages in that good coacervation is obtained in the coacervation process using the polyamino acid 
together with the anionic polymer so as to prepare the final carrier particles and that the sensitivity of the 

10 final carrier particles can be controlled according to the target antigen or antibody. In this connection, the 
ratio between COOH groups and NH 2 groups contained in the polymer is ordinarily 10:90 to 90:10, 
preferably 20:80 to 60:40, While an amino acid has various polymerization degrees (n), n is ordinarily 50 to 
1500, preferably 200 to 700. 

As the anionic polymer which is another starting material for preparing the carrier particles, there can be 

75 used one usable in the conventional coacervation method, for example, water soluble polysaccharides such 
as gum arabic. carboxymethyl cellulose, sodium alginate, agar and carragenane. In addition, as the anionic 
polymer there can be also used , for example, polyglutamic acids such as sodium polyglutamate, 
polyacrylates such as partially hydrolyzed polyacrylate and polyacrylamide. Preferred is gum arabic. Any of 
these commercially available can be used as the anionic polymer. 

20 in order to obtain the desired carrier particles from the synthetic polyamino acid having at least ens 
carboxyl group and at least one amino group in its side chain and the anionic polymer, this invention is 
based on the complex coacervation. Thus, the polyamino acid and the anionic polymer are used as 
polycation and polyanion, respectively, and thereby a uniform aqueous solution is prepared within the range 
of concentrations at which coacervation occurs. The pH of the resulting solution is adjusted to not higher 

25 than the isoelectric point of the polyamino acid under stirring so as to obtain a coacervate. The carrier 
particles can be prepared by insoiubilizing the resulting coacervate. In more detail, a mixture of the 
polyamino acid and the anionic polymer having a weight ratio of about 5:1 to about 1:5, preferably about 2:1 
to about 1:2, is dissolved in water, preferably distilled water, in a concentration of about 0.05 to 5 weight %, 
preferably about 0.1 to 3.0 weight % to obtain a solution with a pH of about 9 to 12. If necessary, insoluble 

30 materials can be removed therefrom by filtration or centrifugation. The pH of the solution is then adjusted to 
3.0 ~ 9.0 by addition of an acid such as hydrochloric, sulfuric or acetic acid at room temperature or under 
progressively higher temperature (20 - 40 * C). under stirring, to obtain coacervates, and the resulting 
coacervates are insolubilized by crosslinking them with a crossliking agent. The pH range for forming the 
coacervates is determined in accordance with the ratio of COOH groups to NH 2 groups of the amino acid 

35 used, the mixing ratio of the polyamino acid and the anionic polymer and the desired particle size. 
Therefore, according to this invention, properties and particle size of the thus obtained paricles can be 
optionally controlled. For example, particles of large particle size can be prepared by lowering the pH while 
particles of small particle size can be prepared by raising th pH. and thereby, the particle size of the 
particles can be controlled to 2 - 10 urn, which is suitable for use in a microtiter plate agglutination reaction 

40 or to 0.1 - 1.0 urn which is suitable for use in a latex agglutination reaction. The thus-prepared particles 
have an electric double layer similar to that of animal erythrocytes and thus have stable dispensability and 
good agglutination properties at the time of conducting the assay. 

Examples of aldehyde crosslinking agents usable for insoiubilizing the particles include ordinary ones 
usable in the crosslinking of the coacervate, for example, glutarajdehyde, formaldehyde, glyoxal, crotonyl 

45 aldehyde, acrolein and acetoaldehyde, the preferred one being glutaraldehyde. The crosslinking agent is 
added in an amount of about 0.01 to 5.0 weight %, preferably 0.1 to 2.0 weight %, to the aqueous solution 
after formation of the coacervate. 

In this invention, a part of the synthetic amino acid polymer can be replaced with an optional 
polycationic ingredient such as gelatin while a part of the anionic polymer can be replaced with an optional 

so polyanionic ingredient such as sodium polyphosphate. Furthermore, animal erythrocytes or other suitable 
core materials can be present in the coacervate preparation to obtain capsule particles. In this case, since 
the surface (capsule membrane) of the particles consists of the synthetic amino acid and the anionic 
polymer, carrier particles can be prepared which are substantially identical with those described above. 
Furthermore, in accordance with necessity, it is possible to use an ordinary polar solvent such as 

55 methanol, ethanol or acetone as a bad solvent at the time of the coacervation granulation for the purpose of 
accelerating the production of the coacervate (production of the particles) and to use a surfactant, in 
particular, an anionic surfactant or a nonionic surfactant for the purpose of improving the tiisparsability of 
the thus prepared particles. Although these polar solvents and / or surfactants are used in an amount 



5 



EP 0 363 921 A2 



effective for th purpose, it is suffici nt that the former be used in an amount of 5 to 60 weight % of the 
solution for forming the coacervate and the latter be used in an amount of 0.005 to 0.5 weight %. 

Although th thus obtained carrier particles of this invention are substantially colorless, the particles 
can, if desired, be colored by a conventional method with an ordinary dye, for example, a reactive dye-such 
s as reactive red 4, reactive red 120, reactive blue 4. or reactiv red 5, or a direct dye such as direct orange 
31, direct red 31 or direct blue. Specifically, the thus prepared insoluble polyamino acid particles are 
immersed for one night in a solution of appropriate concentration for dying, for example, in a solution 
containing the dye in an amount of 0.01 to 3.0%. Alternatively, the dye can be added to the solution for 
forming the particles. 

io Sensitization of an antigen or an antibody to the particles of this invention can be easily carried out by 
the conventional method for sensitizing it to animal erythrocytes. For example, the particles are convention- 
ally subjected to tannic acid treatment, after which the desired antigen or antibody is adsorbed thereon. The 
antigen or antibody for use in the sensitization may be an optional one from a natural source or from a 
product of gene recombination, cell fusion or chemical synthesis, which corresponds to the one to be 

75 analyzed. 

As shown by the following examples, the sensitized carrier of this invention has properties similar to 
those of conventional animal erythrocytes and gelatin carriers and also has novel characteristics in that the 
sedimentation rate after the agglutination Is high-, so that it is possible to shorten the time period for the 
assay. Although the reason for their high sedimentation rate is not clear, it is estimated that it is related to 
20 the specific gravity of the carrier particles of this invention because the specific gravity of the carrier 
particles of this invention is larger than that of animal erythrocytes or gelatin. 

The present invention and characteristics thereof are explained with reference to the following non- 
limitative examples. Referential Example 1 

25 

Preparation of polyglutamic acid to which an amino group is introduced . 

According to the conventional method, powders of poly-7-methyl-L-glutamate were prepared by 
reprecipitating from methanol Ajicoat A-2000 (which is a 10 weight % solution of poly- 7-methyl-L- 

30 glutamate, the polymerization degree being about 580, and is commercially available from Aiinomoto Co. 
Ltd.) and drying the resulting material. 70 g of the resulting powders were charged in a 21 flask provided 
with a condenser, thermometer and stirrer, which contained therein ethylene diamine and distilled water in a 
ratio listed in Table 1, and were heated at the reflux temperature for about 1 hour. 350 ml of 2 weight % 
NaOH aqueous solution was taken added thereto and the reaction was continued until the reaction solution 

35 became substantially transparent, after which 14 g of solid NaOH was added thereto. The resultant was 
directly subjected to suction filtration using a cotton cloth to remove any insoluble material therefrom and 
further concentrated by a vaccum evaporator to remove water and residuai ethylenediamine, whereby about 
200 ml of viscous material was obtained. The viscous material was dissolved in about 0.7 to 1 I of ethanol 
and the resulting solution was added to 2 to 3 I of ether to prepare flake materials. The materials were 

40 filtrated by suction , washed with an appropriate amount of a mixture of ethanol and ether in a ratio of 1:3 
and an appropriate amount of ether in this order, and dried under vacuum to obtain each sample in an 
amount of about 50 to 70 g. 

Tablet 

45 



50 



Sample 
No. 


Ethylenediamine 


Water 


1 


500 ml 


500 ml 


2 


600 ml 


400 ml 


3 


700 ml 


300 ml 


4 


800 ml 


200 mi 


5 


300 ml 


700 ml 


6 


400 ml 


600 ml 



55 

Another sample, Sample 7, was also prepared without addition of ethylenediamine, i.e., the hydrolysis 
was only conducted until the reaction solution became transparent. 
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Regarding these Samples 1 to 7, the viscosity of 1M acetic acid aqueous solution containing the 
sample in an amount of 0.01g/1 ml was measured and the ratio of COOH groups to NH 2 groups <a:b) was 
also determined by NMR spectroanalysis. The results obtained are shown in Table 2. 

Table 2 



Sample 


Viscosity ( 


a:b 


No. 


cp) 




1 


1,330 


51:49 


2 


1,305 


39:61 


3 


1,308 


31:69 


4 


1,308 


12:88 


5 


1,308 


73:27 


6 


1,296 


60:40 


7 


1,256 


100:0 



Referential Example 2 



Preparation of poly-L-lysine into which a carboxylic group is introduced . 

10g of poly (L-lysine) bromate (which is available from Seikagaku Kogyo K.K and has a polymerization 
degree of about 300) and 14 ml of triethylamine were added to 100 ml of dimethylformamide and stirred at 
room temperature for 1 hour, after which 2.7 g of succinic anhydride was added thereto. After stirring at 
room temperature for 6 hours and further stirring at a temperature of 60 C for 1 hour, the solution was 
concentrated to 20 ml by an evaporator. 100 ml of ethanol in which 3.8 g of NaOH was dissolved was 
added to the resulting concentrate, sufficiently mixed by shaking, after which the resultant was left to stand 
in a refrigerator for one night The solid was collected by filtration, sufficiently washed with ether and dried. 
76 g of the desired polymer was obtained (yield was 90 % as sodium salt of the polymer ) and the ratio of 
amino groups to carboxyl groups was determined to be about 60:40 by NMR spectroanalysis. The thus 
obtained polymer was used as Sample 8. Referential Example 3 

Preparation of poly-L-gtutamic acid and poly-L-lysine copolymer 

30,6 g of N e -carbobenzoxy-L-lysine N l -carboxy anhydride prepared by the conventional method 
(phosgene method) and 26.3 g of r benzyl-L-glutamic N-carboxy anhydride were dissolved in 600 ml of 
tetrahydrofuran. 

0.15 ml of triethylamine as polymerization initiator was added thereto under stirring at room tempera- 
ture. After stirring for two days, the solution was concentrated to 100 ml under vacuum by an evaporator 
and 1000 ml of water was added thereto to obtain white precipitates. The precipitates were washed with 
methanol and water, and dried. 43.3 g of the copolymer was obtained at a yield of 90% as 1:1 copolymer. 
The thus obtained copolymer was dissolved in 200 ml of a mixed solution of trifluoroacetic acid and 
hydrobromic acid, stirred at room temperature for 1 hour, after which 500 ml of ether was added thereto to 
obtain yellow brown precipitates. The precipitates were collected by filtration, sufficiently washed with 
ethanol and ether, and dried to obtain 27.5 g of the desired copolymer (yield was 85%. based on the 
starting material). In this case, it was confirmed by NMR spectrolanalysis that the residual lysine of the thus 
obtained copolymer was formed as hydrobromate and that the ratio of lysine to glutamic acid was 50:50. 
The resultant copolymer was further dissolved in water and treated with NaOH to prepare the Na salt 
thereof. After reprecipitating from ether, the resultant copolymer (Sample 9) was used in the latter process 
of coacervation. 



Example 1 
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Preparation of carrier particles 

Granulation of Samples 1 to 9 prepared in Referential Exampl s 1 to 3 was carried out by the following 
method: 

s 

(1) In case of Samples 1 to 3, 6, 8 and 9: 

1.0 g of each sample, 20 ml of 5% gum arabic aqueous solution and 180 ml of distilled water were 
10 sufficiently mixed in a beaker and 1.5 ml of 2 weight % active red 120 aqueous solution was added thereto 
to prepare each stock solution. The pH of the stock solution was controlled with 10 weight % acetic acid 
solution at room temperature under sufficient stirring, and the formation and the particle diameter of the 
solution drops (coacervates) were checked by an optical microscope. 2.5 ml of 25 weight % glutaraldehyde 
(GA) aqueous solution was then added thereto and aggitated at room temperature for about 1 hour followed 
75 by further aggitation at a temperature of about 40 "C for about 1 hour. The resulting particles were 
sufficiently washed with distilled water three times. Centrifugal separation (for 5 minutes at 2000 rpm) was 
used to recover the residue. The pH of each stock solution relative to each Sample and the pH of the 
solution when the coacervates having the desired particle diameter were formed are shown in Table 3. 

20 Table 3 





Sample 


pH of the 


pH of the solution when the 




No. 


stock solution 


coacervates were formed 


25 


1 


10.92 


5.63 




2 


11.02 


7.56 




3 


11.58 


8.18 




6 


10.97 


4.57 




8 


11.05 


7.50 


30 


9 


10.95 


6.01 



The ratio of particles in the range of 2 to 7 urn contained in each Sample was determined by a particle 
size distribution analyzer available from Galai Vo. Ltd. In each case the ratio was found to be in the range of 
93 to 94 % ( volume distribution ). A histogram and a microscopic photograph of Sample 2 are shown in 
Figs. 4 and 5. 

The degree of the electrophoresis of each carrier particle of the Samples set out above was determined 
with a system 3000 Automated Electrokinetics Analyzer manufactured by PENKEM, Inc. For this, the 
particles were suspended in a solution containing 0.15 M PBS and having a pH of 7.2 and the suspension 
was charged in a 1 mm <t> * 20mm cylindrical electrophoresis cell to measure the degree of electrophoresis 
under the gradient voltage of 1048 V/m at room temperature. It was found that the degree of electrophoresis 
of each particle was in the range of -0.87 to -1 .20um/sec/V/cm and that the degree was the same as -1.15 
um/sec/V/cm of sheep erythrocytes and -0.75 to -1.85 um/sec/V/cm of gelatin particles determined in a 
manner similar to that of the method set out above, which data were reported in publications such as 
Rinshokensa Vol. 30 No. 13, 1709-1710 and Japanese Patent Un-examined Publication No. 57-153658. 

Furthermore, the specific gravity of each particle was determined by the following method. First, 
sucrose solutions of 20 w/w %, 30 w/w %, 40 w/w %, 50 w/w %, 60 w/w % and 65 w/w % were prepared 
and 2 ml of the respective soutions were charged in a test tube in the order of their weight, with the 
heaviest one being charged first 0.5 ml of 1 % carrier particle floating solution was added to the upper 
most layer of the sucrose solution of 20 w/w %. The test tube was then subjected to centrifugal separation 
at 3000 rpm for 20 minutes. After centrifugation, all carrier particles were found to be present in the sucrose 
solutions of 60 w/w % and 65 w/w %. The same experiment was conducted for fixed sheep erythrocytesjn 
which case the erythrocytes were found to be present in the sucrose solutions of 60 w/w % and 50 w/w %. 
This r suit shows that the polyamino acid carrier particles have a higher specific gravity than that of the 
fixed sheep erythrocytes which are similar to those of gelatin particles. 



(2) In case of Sample 4: 
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10 



Carrier particles having a particle size distribution substantially the sam as that of the particles of item 
(1) were prepared by the sam granulation method as that of item (1) except that the amino acid sample 
was used in an amount of 0.5 g. 
pH of stock solution 11.36 

pH of the solution for forming the desired particle diameter 9.23 
(3) In case of Sample 5: 

Carrier particles having the particle diameter distribution substantially the same as that of the particles 
of item (1) were prepared by the same granulation method as that of item (1) except that a mixture of 100 
ml water and 80 ml ethanol was used, instead of 180 ml water. 
pH of stock solution 10.97 

pH of the solution for forming the desired particle diameter 5.86 



75 



(4) In case of Sample 7: 

Conditions such as pH and amount of added bad solvent were variously changed, but the desired 
20 particles could not be formed. 

(5) In case of Sample 10: 

as Carrier particles having a particle diameter distribution substantially the same as that of the particles of 
item (1) were prepared by the same granulation method as that of item (1) except that an aqueous solution 
containing sodium polyglutamate ( MW : 7200 ) was used instead of 5% gum arabic aqueous solution. 



30 (6) In case of Samples 1 1 and 12: 

Carrier particles comprising a copolymer of glutamic acid and leucine and having a particle size 
distribution substantially the same as that of the particles of item (1) were prepared by the same granulation 
method as that of item (1) except that the following raw materials were used. 



35 



40 



Glutamic acid 
Leucine 

Ratio of amino acid groups to carboxy groups 
pH of stock solution 

pH of the solution for forming the desired particle size 



98 moi % 
2 mol % 
65:35 
11.14 
6.52 



95 mol % 
5 mol % 
56:44 
11.32 
7.01 



45 



Example 2 



50 



55 



Preparation of carrier particles 

In the granulation method of item (1). Sample 2 was used without addition of the dye and glutar 
aldehyde was added to the solution when the pH of the solution reached 7.91, followed by centnfugal 
separation at 2500 rpmfor 10 minutes to collected the supernatant liquid. The collected supernatant was 
filtrated using a 1tim membrane filter. 

The filtrate was subjected to centrifugal separation at 4000 rpm for 10 minutes to obtain particles. The 
particle size of the thus obtained particles was determined by a particle diameter distribution analyzer CIS-1 
manufactured by Qalai Co.Ltd. As a result it was found that about 80% of the particles had a particle 
diameter in the range of 0.5 to 1.0am (volume distribution). These particles are usable as particles in latex 
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agglutinaion such as the Turbidimetric immunoassay. 



Example 3 

5 

With carrier particles of the present invention as prepared by the method in Example 1, as well as fixed 
sheep erythrocytes as reference, particle agglutination tests were done by the conventional microtiter 
method. For the tests, the carrier particles (and the fixed sheep erythrocytes) were subjected to a 
conventional sensitization treatment with tannic acid, and then sensitized (coated) with the sensitizing 

70 materials (antigens or antibodies) as shown in Table 4. The specimens for testing are human sera which are 
positive or negative with respect to the components corresponding to the respective sensitizing antigens or 
antibodies. Thus, for example, in the case of the test of HBs antigen sensitized carrier, anti-HBs antibody 
positive human serum was used as positive specimen and anti-HBs antibody negative human serum was 
used as negative specimen. The exception was the use of anti-BSA rabbit immune serum as positive 

75 specimen for the bovine serum aJbumin (BSA) sensitized carriers. 

The tests were carried out firstly by adding 25 nl of diluent to each well of the microtiter plate. Then, 25 
ill of each specimen was serially diluted (through the two-fold dilutions) in the wells, and mixed with 25 ul 
of a 1vA>% suspension of the sensitized carrier particles (or the sensitized fixed sheep erythrocytes as 
reference). The mixture was allowed to stand for two hours at room temperature. The highest dilution giving 

20 a positive reaction (agglutination reaction) was determined to be the endpoint (agglutination titer). 
The conditions for the sensitizations as described above were as follows: 
One milliliter of a 2.5% suspension (in PBS, pH7.2) of the carrier particles (or the fixed sheep erythrocytes) 
was mixed with an equal volume of tannic acid solution (in PBS) and the mixture was allowed to stand for 
30 min. at 37 ' C. After removal of the supernatant by centrifugation, the particles were washed with PBS, 

25 and then suspended in 1ml PBS. One milliliter containing each amount of antigen (or antibody) source was 
added to each preparation and then incubated at 37* C for 30 min. After the incubation, the supernatant was 
removed by centrifugation. The particles were washed with PBS 3 times, and suspended in 2.5ml. PBS. A 
1% concentration by volume of sensitized particles was used for testing. 

The results obtained are shown in Table 4. As is clear from the data in Table 4, it is understood that the 

30 carrier particles of this invention have an endpoint equal or superior to that of fixed sheep erythrocytes. In 
addition, it was possible that the assay was finished from about 60 to 80 minutes by use of the carrier 
particle of this invention, while the fixed sheep erythrocytes required about 90 to 120 minutes to finish the 
assay. 
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Table 4 



Sensitizing material 


Carrier 


End point 


Positive 
specimen 


negativ 
specimen 


HBc antigen 

(from recombinant 
yeast) 


Fixed sheep erythrocytes 


2 9 


<2' 


carrier particles of Sample 1 


218 


<2' 


HBs antigen 
(from plasma) 


Fixed sheep erythrocytes 


2 7 


<2' 


carrier particles of Sample 3 


2 7 


<2 1 


HBs antigen 

(from recombinant 
yeast) 


Fixed sheep erythrocytes 


2 7 


<2 1 


carrier particles of Sample 3 


2 7 


<2' 


HBs antibody 
(guinea pig) 


Rxed sheep erythrocytes 


2 8 


<2 1 


carrier parades of Sampie 2 


2 s 


<2' 


HBs antibodv 

(mouse 
monoclonal) 


Rxed sheep erythrocytes 


2 s 


<2' 


carrier particles of Sample 2 


2 8 


<2 1 


HIV antigen 
TFR 

ID = 26/01 1>*1 


Rxed sheep erythrocytes 


2 8 


<2' 


carrier particles of Sample 2 


2 8 


<2' 


Bovine serum 
albumin 


Rxed sheep erythrocytes 


2io 


<2« 


carrier particles of Sample 8 


2io 


<2« 



•1 This antigen was solubilized with a surfactant by the conventional method. 



Claims 

1. An artificial carrier particle comprising an anionic polymer and a synthetic polyamino acid having at 
least one carboxylic group and at least one amino group in its side chain, the complex being insolubilized 
by an aldehyde crosslinking agent 

2. An artificial carrier particle of claim 1 wherein the molar ratio of the carboxyl group to the amino 
group contained in the synthetic polyamino acid is about 10:90 to about 90:10. 

3. An artificial carrier particle of claim 2 wherein the molar ratio of the carboxyl group to the amino 
group contained in the synthetic polyamino acid is about 20:80 to about 60:40. 

4. An artificial carrier particle of claim 1 wherein the synthetic polyamino acid is an acidic polyamino 
acid and the amino group is introduced in the acidic polyamino acid via a part of a free carboxyl group of 
the polyamino acid. 

5. An artificial carrier particle of claim 1 wherein the synthetic polyamino acid is a basic polyamino acid 
and the carboxyl group is introduced in the basic polyamino acid via a part of a free amino group of the 
polyamino acid. 

6. An artificial carrier particle of claim 1 wherein the synthetic polyamino acid is a copolymer of an 
acidic polyamino acid and a basic polyamino acid. 

7. An artificial carrier particle of claim 1 wherein the synthetic polyamino acid has a polymerization 
degree of 50 to 1500. 

8. An artificial carrier particle of claim 1 wherein the anionic polymer is a water soluble polysaccharide. 

9. An artificial carrier particle of claim 8 wherein the watersoluble polysaccharide is gum arabic. 
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10. An artificial carrier particle of claim 1 wherein the weight ratio of the synthetic polyamino acid to* the 
anionic polymer is about 5:1 to about 1:5. 

11. An artificial carrier particle of claim 10 wherein the weight ratio of the synth tic polyamino acid to 
the anionic polymer is about 2:1 to about 1:2. 

5 12. A process for preparing artificial carrier particles, which comprises the steps of preparing an 
aqueous solution containing an anionic polymer and a synthetic polyamino acid comprising at least one free 
carboxyl group and at least one free amino group in its side chain, adjusting the pH of the solution to 3.5 to 
9.5 at room temperature or at progressively increasing temperature under stirring to form a solution of 
particles of a desired size, and insolubilizing the particles by an aldehyde crosslinking agent 

w 
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FIG. 5 
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sample. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 .Field of the Invention 

[0001] The present invention relates to a whole blood immunoassay, more particularly a whole blood immunoassay 
by use of a particle agglutination. 

10 2. Description of Related Art 

[0002] For immunoassay on infection disease-related test items, serum has been used as a sample to be tested. 
However, it takes at least about 30 minutes to separate serum from whole blood, including time for blood coagulation 
and time for subsequent centrifugation. 
is [0003] Typical examples of immunoassay include a radioimmunoassay (RIA), an enzyme immunoassay (EIA), a 
particle agglutination immunoassay and a counting immunoassay. However, the RIA and the EIA need B(Bound form) 
/F(Free form) separation after antigen-antibody reaction, and therefore, require time and labor before the results of the 
assay are obtained. 

[0004] The particle agglutination immunoassay is advantageous in that It requires only the mixing of a sample to be 
20 tested with a suspension of insoluble carrier particles (e.g., latex) sensitized with an antibody or an antigen. It does 
not require the B/F separation and can be performed by simple operation. 

[0005] In recent years, however, highly accurate simple immunoassay techniques are demanded. Particularly it has 
become necessary to judge rapidly whether or not a patient is infected with virus hepatitis, HIV or the like, for example, 
in the case of emergency operation. Accordingly, it is demanded that assay time from collection of blood up to obtain- 
25 nnent of assay results be shortened. 

[0006] Taking the shortening of the assay time into consideration, it is more desirable to use whole blood collected 
from a patient than to use serum, as a sample for immunoassay. However, when whole blood is used, the presence 
of blood cells interferes with the detection of a degree of agglutination of particles. 

[0007] In view of this, for example, Japanese Unexamined Patent Publication No. HE1 1 0(1 998)-48214 discloses a 
30 whole blood assay using a conventional latex agglutination method. According to this disclosure, a whole blood sample 
is hemolyzed using with a surfactant the resulting sample is tested by a latex turbidimetric immunoassay. 
[0008] However, this assay has a problem in that the surfactant which needs to be used in a sufficient concentration 
for hemolysis affects antigen-antibody reaction and a sufficient response cannot be obtained. 

35 SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a whole blood immunoassay by which the interference of blood 
cells is avoided without any influence on antigen-antibody reaction. 

[0010] The present invention provides a whole blood immunoassay comprising the steps of mixing a whole blood 
40 sample with sensitized insoluble carrier particles to cause an immune agglutination; diluting the resulting agglutination 
mixture with an aqueous solution containing an erythrocyte lysing agent to lyse erythrocytes, thereby preparing an 
assay sample; and determining a degree of agglutination of the assay sample. 

[0011] These and other objects of the present application will become more readily apparent from a further detailed 
description given hereinafter. However, it should be understood that the following detailed description and specific 
45 examples, while indicating preferred embodiments of the invention, are given by way of illustration only, since various 
changes and modifications within the spirit and scope of the invention will become apparent to those skilled in the art 
from this detailed description. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

50 

[0012] In the whole blood immunoassay of the present invention, the whole blood sample means blood collected 
from a human being or other animals but not subjected to serum or plasma separation. However, before the immu- 
noassay of the present invention is carried out, the whole blood sample may be anticoagulated with an anticoagulant 
and/or diluted with a reaction buffer. 
55 [0013] As the anticoagulants used for anticoagulating the sample, usable are those usually used for blood tests such 
as EDTA salt, citrates and the like. Th reaction buffer is not particularly limited, and usabl are a phosphate buffer, a 
Tris-HCI buffer and the like, for example. The pH of the reaction buffer may suitably be about pH 6 to 8.5. To the reaction 
buffer, a substance suppressing a non-specific reaction, a sensitizer and the like may be added as required. The mixture 
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of the whole blood with the reaction buffer may be for preparation for the subsequent immune agglutination. When the 
whole blood is diluted with the reaction buffer, the dilution ratio may suitably be about 5 to 1 00 (by volume) and may 
preferably be 10 to 50. Temperature and time at which and during which the whole blood is mixed with the reaction 
buffer may suitably be about 20 to 50°C and about 1 to 5 minutes. 

5 [0014] The insoluble carrier particles may be particles immunized, i.e., sensitized with an antigen or antibody. As 
materials for the particles, synthetic polymers, typically polystyrene latex or the like may be mentioned, for example. 
[0015] The size of the insoluble earner particles is not particularly limited and any known insoluble carrier particles 
may be used. For example, the size may be about 0.1 to 20 u. m in diameter, preferably about 0.1 to 1 .Oum in diameter. 
The particles preferably have a uniform diameter. 

w [0016] The insoluble carrier particles may be sensitized by a method known in the field of art, for example, by physical 
adsorption, chemical binding, etc. The antigen or antibody used for sensitizing the particles is not particularly limited 
so long as it can be detected by utilizing antigen/antibody reaction. The insoluble carrier particles are usually used in 
the form of a suspension in a solvent. The solvent may suitably be water, the above-mentioned buffer or the like. The 
mixture ratio of the insoluble carrier particles to the solvent is suitably about 0.1 to 1 w/v%. 

is [0017] As regards the immune agglutination, a latex suspension containing the sensitized insoluble carrier particles 
is added to the whole blood sample optionally diluted with the reaction buffer so that antigen/antibody reaction takes 
place. Here, the mixture ratio of the sample to the insoluble carrier particles (or the mixture ratio of the diluted whole 
blood sample to the latex suspension) may be about 1 : 5 to 1 : 20, for example. The reaction temperature is suitably 
20 to 50 °C ; and the reaction time is suitably 15 seconds to 20 minutes. 

20 [001 8] As the erythrocyte lysing agent contained in the aqueous solution used for diluting the resulting agglutination 
mixture, are suitably used agents capable of not only destroying membrane of erythrocytes but also dissolving or 
contracting the membrane. For example, usable are surfactants usually used in the field of counting blood cells for 
lysing erythrocytes. Particularly, water-soluble surfactants may be mentioned. The water-soluble surfactants may be 
cationic, anionic, non-ionic or ampholytic. Among these, those having a stronger hydrophobic nature in a hydrophobic 

25 part (a larger carbon number) are more preferable because they have a greater ability to lyse erythrocytes. 
[0019] Examples of cationic surfactants include alkyltrimethylammonium salts and alkylpyridinium salts. 
[0020] Examples of anionic surfactants include alkyl sulfate. 
[0021] Examples of ampholytic surfactants include alkyl betaine acetates. 

[0022] Examples of non-ionic surfactants include polyoxyethylenealkyl ethers, poryoxyethylenealkenyl ethers and 
so polyoxyethylenealkylphenyl ethers. 

[0023] The erythrocyte lysing agent is suitably used 2 to 1 0000 ppm in the aqueous solution for diluting the aggluti- 
nation mixture. 

[0024] The aqueous solution may also contain a salt such as sodium chloride and/or a buffer in addition to the 
erythrocyte lysing agent. In such cases, the amount of a substance contained may be adjusted as required according 

35 to the above-mentioned pH and the like. 

[0025] In the present invention, after the immune agglutination, erythrocytes are lysed for avoiding their interference 
with determination before measurement. In an assay as disclosed by Japanese Unexamined Patent Publication No. 
HE1 10(1998)-48214 in which antigen/antibody reaction is performed after the lysis of erythrocytes, a large amount of 
a surfactant is required for lysing erythrocytes. In the presence of the surfactant in a large amount, the antigen/antibody 

40 reaction is influenced. In order to decrease the concentration of the surfactant used, the whole blood sample needs to 
be reduced or diluted, which in turn decreases the concentration of an antigen or antibody to be involved in the antigen/ 
antibody reaction and results in a poor response. However, if the antigen/antibody reaction is firstly performed under 
the above-mentioned condition, the antigen/antibody reaction itself is not only affected by the surfactant but also pro- 
ceeds necessarily and sufficiently. Furthermore, it is possible to detect particles without destroying an antigen/antibody 

45 reaction composite (agglutination mixture). 

[0026] A method of determining the degree of agglutination of the assay sample after erythrocytes are lysed may be 
any known method without particular limitation. Usable is a known apparatus for determining the degree of agglutina- 
tion. For example, in the case of the turbidimetric immunoassay, a spectrophotometer may be used. In the case of the 
counting immunoassay, a measuring apparatus using the principle of flow cytometry may be used and a commercially 

so available flow cytometer may be used. 

[0027] A PAMIA series produced by Sysmex Corporation provides apparatuses for counting immunoassay. This 
series is suitable because a single apparatus can perform a set of operations from mixing a sample with a buffer to 
calculating the degree of agglutination automatically. 

[0028] The determination of the degree of agglutination using a flow cytometer can be done as follows: 
55 [0029] Agglutinated particles and unagglutinated particles contained in the prepared assay sample are extruded little 
by little into a laminar flow of a sheath liquid formed in a flow cell. The particles pass through the center of the flow cell 
one by one in line. 

[0030] The particles passing through the flow cell are irradiated with laser light. After passing through the flow cell, 
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the laser light is stopped by a beam stopper. Only forward scattered light is received by a photo diode. As the laser 
light, light having a wavelength of 310 to 1285 nm may be used, for example, 488 nm, 680 nm, 780 nm, 860nm, 980nm 
and the like. Besides the forward scattered light, side scattered light or both the side scattered light and the forward 
scattered light'may be detected as scattered light. 

5 [0031] When a particle crosses the laser light, a scattered light pulse is generated which has an intensity according 
to the volume of the particle. The pulse is received by a light-receiving unit. Usually, the scattered light pulse received 
is converted to an electric pulse. The electric pulse provides information about the particle size distribution of the 
particles. That is, the electric pulse has an intensity according to the volume of the particle entering within the laser 
light, which particle may be a single particle unagglutinated, two particles agglutinated, three or more particles agglu- 

10 tinated, a blood cell itself, or the like. 

[0032] The electric pulses are distinguished according to their intensity, and unagglutinated particles and agglutinated 
particles are counted. For counting these particles, a threshold value is set for distinguishing unagglutinated particles 
and agglutinated particles on the basts of the intensity of the scattered light. The unagglutinated particles and the 
agglutinated particles give scattered light of different intensities owing to their different sizes, and can be distinguished 

15 from each other. Therefore, the threshold value is set between the unagglutinated particles and the agglutinated par- 
ticles for distinguishing the unagglutinated particles from the agglutinated particles according to the intensity of scat- 
tered light. 

[0033] Here, the threshold value may be set in situ, at the same time as the scattered light of the assay sample is 
being measured, on the basis of the measured scattered light data; may be set. ^fter the data is obtained, on the basic 
20 of the obtained data; or may be set beforehand as an estimated threshold value from known information, accumulated 
past data or the like. Particularly, considering measurement errors and reproducibility, the threshold value is preferably 
set in situ, at the same time as the scattered light of the assay sample is being measured, on the basis of the measured 
scattered light data. 

[0034] The unagglutinated particles and agglutinated particles can be distinguished from each other and counted 
25 with reference to the threshold value, and the degree of agglutination can be calculated. 

[0035] The degree of agglutination may be calculated from the number P of the agglutinated particles obtained above 
and the number M of the unagglutinated particles obtained above out of all counted particles, as the ratio of the ag- 
glutinated particles, which have been involved in the antigen/antibody reaction, i.e., P / (M + P), (M + P = T). 
[0036] If particles not to be counted such as chylomicrons are present in the sample, the particle size distribution of 
30 these particles also appear in that of the object insoluble carrier particles. In this case, the particle size distribution of 
the particles not to be counted can be estimated by interpolation using spline function and subtracted from the particle 
size distribution including both the object particles and the particles not to be counted. Thereby an approximate cor- 
rection data only of the object particles can be obtained and utilized for obtaining accurate counts of the agglutinated 
particles and the unagglutinated particles (see Japanese Patent No. 2912413). 
35 [0037] Also, in the present invention, the degree of agglutination is calculated, and then the concentration of the 
antigen or antibody may be obtained from the calculated degree of agglutination. 

[0038] The concentration of the antigen or antibody may be obtained by use of a calibration curve which is produced 
beforehand by obtaining the relationship of the degree of agglutination of the antigen or antibody to a known concen- 
tration of the antigen or antibody (preferably, a plurality of degrees of agglutination are determined with changing the 
40 concentration). 

[0039] In the case where a spectrophotometer is used for the determination, a whole blood sample, a buffer and a 
latex reagent are mixed, and immediately after that, the resulting mixture is diluted with the aqueous solution containing 
the erythrocyte lysing agent for hemolysis. The hemolyzed sample is put in a measuring cell and irradiated with light 
to measure absorbance. The wavelength of the light is suitably 600 to 2000 nm. The absorbanceat this time is regarded 
is as absorbance at time 0 (i.e., the antigen/antibody reaction has not been taken place yet). 

[0040] Subsequently, the whole blood sample, the buffer and the latex reagent are mixed and reacted for a given 
time. The resulting mixture is diluted with the aqueous solution containing the erythrocyte lysing agent for hemolysis. 
The hemolyzed sample is measured in the same manner as described above. The degree of agglutination can be 
obtained from a difference between the obtained absorbance and the absorbance at time 0. 

50 

Example 

[0041] In this Example, RAN REAM HBsAg (produced by Sysmex Corporation) was used for preparing a sample 
which was subjected to the latex agglutination and then hemolyzed. PAMIA-30 (produced by Sysmex Corporation) 
55 was used for determination. 

[0042] RAN REAM (registered) HBsAg is a reagent kit for detecting an HBs antigen and includes a latex reagent, a 
buffer, a sample diluent and a calibrator, among which th latex reagent and the buffer were used in this example. The 
latex reagent is a 0.5 % (w/v) suspension of 0.8^m polystyrene latex sensitized with an anti-HBs antibody. 
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[0043] Whole blood, 1 0 uL, was mixed with 80 u.L of the buffer (pH6) and incubated at 45° C for a minute. The latex 
reagent sensitized with the anti-HBs antibody, 1 0uL, was added thereto to start reaction at 45° C. 
[0044] About 20 seconds after the reaction was started, 1 9 u. L of the reaction mixture were mixed with 950uL of a 
sheath liquid (200 ppm dodecyl sodium sulfate, 0.3 g/L aqueous solution of sodium chloride) into a 51 -fold dilution to 
5 lyse erythrocytes and to prepare an assay sample. 

[0045] The assay sample was introduced to an optical detector of PAMIA-30 to determine the degree of agglutination 
P/T(%) (T1). 

[0046] About 15 minutes after the reaction was started, the degree of agglutination P/T (%) (T2) was determined 
after erythrocytes were lysed, in the same manner as the degree of agglutination P/T (%) (T1). T1 was the degree of 
10 agglutination in the early stage of the reaction and was used forjudging whether or not the sample was within a meas- 
urement range. Usually, T2 is used as the degree of agglutination (agglutination ratio) of the sample. 
[0047] On the other hand, for a comparison purpose, as a prior-art example, the whole blood sample was first hemo- 
lyzed using a buffer including 1 0000 ppm of dodecyl sodium sulfate necessary for lysing erythrocytes and then subjected 
to the latex agglutination. 

15 [0048] About 20 seconds after the reaction was started, 1 9 n L of the reaction mixture were mixed with 950 uL of a 
sheath liquid (0.3 g/L aqueous solution of sodium chloride) into a 51 -fold dilution to prepare an assay sample. 
[0049] Further, for reference, the agglutination ratio (P/T) of a serum sample was determined without dodecyl sodium 
sulfate contained in the buffer and in the sheath liquid. 
[0050] The results are shown below. 

20 

Table 1 





Serum Sample 


Present Invention 


Prior Art 


P/T (%) 


46.03 


45.38 


6.00 



25 

[0051] As shown above, it has been confirmed that the antigen/antibody reaction was inhibited by interference of 
the surfactant in the prior-art example while the reaction was not inhibited and an accurate determination was realized 
in the present invention. 

[0052] According to the present invention, by diluting the sample with the aqueous solution containing the surfactant 
30 to lyse erythrocytes immediately before measurement, the antigen/antibody reaction can be carried out without inter- 
ference of the surfactant, and a highly sensitive measurement can be performed. 



Claims 

35 

1 . A whole blood immunoassay comprising the steps of: 

mixing a whole blood sample with sensitized insoluble carrier particles to cause an immune agglutination; 
diluting the resulting agglutination mixture with an aqueous solution containing an erythrocyte lysing agent to 
40 lyse erythrocytes, thereby preparing an assay sample; and 

determining a degree of agglutination of the assay sample. 

2. A whole blood immunoassay according to Claim 1 , wherein the erythrocyte lysing agent is a surfactant. 

45 3. A whole blood immunoassay according to Claim 1 or 2, wherein the surfactant is dodecyl sodium sulfate. 

4. A whole blood immunoassay according to any one of Claims 1 to 3 which is conducted by use of an apparatus for 
a counting immunoassay utilizing a principle of flow cytometry. 

so 5. A whole blood immunoassay according to Claim 4, further comprising the steps of: 

introducing the assay sample included unagglutinated particles and agglutinated particles to a flow cell, irra- 
diating particles passing through the flow cell with laser light, and detecting scattered light generated thereby; 
setting a threshold value for distinguishing unagglutinated particles from agglutinated particles with regard to 
55 intensity of the scattered light; and 

distinguishing and counting the unagglutinated particles and the agglutinated particles in reference to the 
threshold value; and 

calculating the degree of agglutination from the number of unagglutinated particles and the number of agglu- 
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tinated particles. 

6. A whole blood immunoassay according to Claim 5 or 6, wherein the degree of agglutination is calculated by the 
number of agglutinated particles P/ (the number of agglutinated particles P +the number of unagglutinated particles 

5 M). 

7. A whole blood immunoassay according to any one of Claims 5 to 6, wherein the scattered light is forward scattered 
light. 

10 8. A whole blood immunoassay according to any one of Claims 1 to 7, wherein the size of the insoluble carrier particles 
is0.1uxnto20uJTi. 

9. A whole blood immunoassay according to any one of Claims 1 to 8, wherein a mixture ratio of the whole blood 
sample to the insoluble carrier particles is 1 :5 to 1 :20. 
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10. An immunoassay according to anyone of Claims 1 to 9, wherein, in the immune agglutination of the whole blood 
sample with the insoluble carrier particles, the reaction temperature is from 20 to 50 °C and the reaction time is 
from 15 seconds to 20 minutes. 



6 



per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 4 
G01N 1/28, 33/50 



Al 



(11) International Publication Number: 



WO 88/07187 



(43) International Publication Date: 



22 September 1988 (22.09.88) 



(21) International Application Number : PCT/US88/00762 

(22) International FiOng Date: 1 1 March 1988 (1 1.03.88) 



(31) Priority Application Numbers: 



025,303 
130,911 



(32) Priority Dates: 



(33) Priority Country: 



13 March 1987 (13.03.87) 
10 December 1987 (10.12.87) 

US 



(71) Applicant: COULTER ELECTRONICS, INC. [US/ 

US]; 590 W. 20th Street, Hialeah, FL 33010 (US). 

(72) Inventors: LEDIS, Stephen, L. ; 759 E. 56th Street, Hia- 

leah, FL 33010 (US). CREWS, Harold, R. ; 8960 N.W. 
lith Street, Pembroke Pines, FL 33024 (US). FISCH- 
ER, Timothy, J. ; 1380 S.W. 82nd Terrace, Plantation, 
FL 33324 (US). SENA, Ted ; 1401 N.E. 123rd Street, 
Miami, FL 33161 (US). 



(74) Agent: HIBNICK, Gerald, R.; Coulter Electronics, 
Inc., 590 West 20th Street, Hialeah, FL 33010 (US). 



(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), BR, CH (European patent), DE (Eu- 
ropean patent), DK, FR (European patent), GB (Eu- 
ropean patent), IT (European patent), JP, KR, LU 
(European patent), NL (European patent), NO, SE 
(European patent). 



Published 

With international search report 



(54) Title: SYSTEM FOR ISOLATING AND IDENTIFYING LEUKOCYTES 



(57) Abstract 

A method and reagent system for the rapid isolation, identification, and/or analysis of leukocytes from a whole 
blood sample. The reagent system includes a lytic reagent solution comprising an aqueous solution of a water soluble com- 
pound which at least partially dissociates in aqueous solution to release a proton and a counterion and which, upon con- 
tact with a blood sample, acidifies the sample to a pH in the range of from about 2.6 to 4.0. The reagent system also in- 
cludes a quenching reagent solution comprising an aqueous alkaline salt solution which effectively and rapidly arrests the 
chemical action of the lytic reagent solution on the sample and restores the native physiological environment of the sam- 
ple. The method comprises using the reagent system to selectively Iyse the red blood cells in a blood sample and modify 
the leukocytes to enable their differentiation into five sub-populations. 



FOR THE PURPOSES OF INFORMATION ONLY 



AT Austria 

AU Australia 

BB Barbados 

BE Belgium 

BG Bulgaria 

BJ Benin 

BR Brazil 

CF Central African Republic 

CG Congo 

CH Switzerland 

CM Cameroon 

DE Germany,. Federal Republic of 

DK Denmark 

FI Finland 



ER 


France 


ML 


Mali 


GA 


Gabon 


MR 


Mauritania 


GB 


United Kingdom 


MW 


Malawi 


HU 


Hungary 


NL 


Netherlands 


IT 


Italy 


NO 


Norway 


JP 


Japan 


RO 


Romania 


KP 


Democratic People's Republic 


SD 


Sudan 




of Korea 


SE 


Sweden 


KR 


Republic of Korea 


SN 


Senegal 


LI 


Liechtenstein 


su 


Soviet Union 


LK 


Sri Lanka 


TD 


Chad 


LU 


Luxembourg 


TG 


Togo 


MC 


Monaco 


US 


United States of America 


MG 


Madagascar 





WO 88/07187 



VLT/LSBS/UU/t) 



1 

SYSTEM FOR ISOLATING AND IDENTIFYING LEUKOCYTES 



5 

BACKGROUND OF THE INVENTION 

Field of the Invention This invention is directed to compositions 
10 of matter and methods employing one or more of these 

compositions. More specifically, this invention concerns a novel 
lytic reagent system for rapidly effecting hemolysis of the 
erythrocyte fraction of whole blood and thereby permitting the 
isolation of the leukocyte fraction in its native or near native 
15 state. The leukocyte fraction may then be subjected to further 
study or analysis in a variety of environments. The lytic reagent 
of this invention consists essentially of a water soluble compound 
which at least partially dissociates in aqueous media, thereby 
releasing a proton and a counterion. When the appropriate 

20 concentration of such compound is added to a whole blood 
sample, the extent of dissociation is effective to acidify the 
sample (pH in the range of from 2.6 to about 4.0), while 
maintaining the osmolality of the sample below about 100 mOs. 
One of the preferred uses of this lytic reagent system is the 

25 pretreatment of the whole blood sample to effect rapid and 

essentially complete hemolysis of the erythrocyte fraction. Such 
pretreatment also results in subtle modification to the leukocyte 
fraction, thus, facilitating its further differentiation into at least 
five (5) distinct sub-populations. This reagent system is, thus, 

30 suitable for preparation of a whole blood sample for analysis on a 
focused flow analysis system, such as the VCS whole blood 
analyzer and the Epics Model C and PROFILE flow cytometer (all 
of which are available- from Coulter Electronics, Inc., Hialeah, 
Florida. 
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Description of the Prior Art - The separation of complex biological 
fluids (i.e. whole blood) into its various constituents preliminary 
to study and analysis of its component parts, is generally 
desirable and often an essential requirement of many established 
5 analytical protocols and/or instrumentation utilized in such 
studies and analysis. Where such study or analysis of the fluid 
fraction of the sample is of primary interest, the cellular fraction 
is separated from the sample without regard for maintaining the 
cell viability or membrane integrity. Conversely, where the 

10 cellular fraction is itself of primary interest to the researcher or 
clinician, the partitioning of the whole blood sample into its 
various cellular components requires that the sample 
treatment/processing techniques be adjusted accordingly. The 
traditional methods for separation of whole blood samples into its 

15 various cellular components is by centrifugation. While this 

process is effective, it is labor intensive, relatively inefficient and 
requires physical manipulation of the cellular fraction , of the 
sample. 

20 

Where such separation/partitioning of the cellular fraction of the 
sample is attempted with chemical agents, the results have been 
less than totally satisfactory for a variety of reasons. More 
specifically, the vitality and viability of a cell population in vivo 

25 or in vitro is dependent upon maintaining a precise physiological 
environment that is consistent with the preservation of physical 
cell structure and chemical balance within the cell. This balance 
is controlled by the permeability and transport characteristics of 
the cell membrane. Alteration in the physiological environment 

30 will in turn evoke a response or change in the cell membrane. 
The membrane response is "defensive" in nature; that is, the 
physiological response of the membrane is calculated to maintain 
. the chemical balance within the cell and, thus, its continued and 
uninterrupted vitality. 
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It is fully appreciated that such alteration in the ideal 
physiological environment of the cell can be tolerated only within 
limits; and, that when such limits are exceeded, permanent injury 
5 to the cell can occur. As is further appreciated in the art, such 
changes in environment (i.e. toxicity of the diluting medium - 
even with distilled water) can effect hemolysis of the cells. - 

10 The degree of tolerance of various cell populations in whole blood 
to changes in their physiological environment has been 
extensively studied and documented. The effects of alteration in 
various aspects of the physiological environment of the cellular 
fraction of whole blood are both subtle and dramatic and can be 

15 effected through dietary metabolites and/or foreign substances. 
These studies include monitoring the reaction of cellular 
preparations to different drugs, Da Costa, AJ. et al, Transfusion, 
(1973), 13, 305; to dietary imbalance, Kobayashi, T. et al, Journal 
of* Biochemistry (1983) 93, 675; and to changes in pH, Rother, U. 
20 et al, Z. Immunologie Forschungsgemeinschaft (1978) 155, 118, 
and Schettini, F. et al, Acta Paediat. Scand. (1971), 60, 17. 

In each of the articles noted above, a drug, food metabolite or 
25 change in pH resulted in significant alteration in the physiological 
environment of the blood to the degree where hemolysis of the 
red blood cells was effected. 

30 More specifically, the above referenced Rother article reports 

serum activation by acidification (pH 6.4) with hydrochloric acid 
which lysed unsensitized erythrocytes in the presence of EDTA. 
The article compares the effect of such acidification with the 
"deviated lysis" activity observed following serum activation with 

35 insulin. An independent and unrelated study by Schettini and his 
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co-workers concluded that red blood cells from infants and young 
children were more sensitive to acid hemolysis than red blood 
cells from older individuals. 



As of the present, no chemical treatment is available to rapidly 
and effectively partition a whole blood sample into viable ceUular 
fractions. Where one or more chemical treatments of the whole 
blood sample is used (as in the preparation or pretreatment of 
10 whole blood for the performance of white blood cell differentials), 
the focus of such treatment has been to alter the sample to 
permit the differentiation of its cellular components from one 
another based upon isolation/analysis of (i) the cellular debris 
(i.e. nuclei) remaining subsequent to such treatment; (ii) the 
15 fixation of the ceUs by such chemical treatments; or (iii) the 
relatively severe modification of such cells which eventually 
results in their ultimate disintegration. Such relatively harsh and 
disruptive chemical treatments of whole blood samples has, 
however, been successfully applied where combined with 
20 relatively sophisticated instrumentation.. More specifically, the 
ability to alter the physiological environment of a cellular 
population in vitro has been used to advantage in the 
measurement of certain cellular parameters Ind to quantitate the 
individual populations. The distinctive reaction of each individual 
25 cell population to a change in its physiological environment has' " 
particular advantages in the identification of the individual 
leukocyte sub-populations of cells of whole blood. The leukocyte 
population of blood has been classified previously into two major 
fractions: the lymphoid and the myeloid fraction. The lymphoid 
30 fraction consists of lymphocytes (B and T cells). The myeloid 
fraction consists of monocytes and granulocytes (neutrophils, 
basophils and eosinophils). One accepted technique for 
modification of the physiological environment of the cellular 
.population of whole blood has been through the addition of 
35 certain so-called "lytic reagents" to a blood sample. The 
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development of certain lytic reagents and lytic reagent systems 
has provided the clinician with the ability to effectively isolate 
the white cell population (hereinafter "leukocytes") from the red 
cell population of whole blood. The relative concentration of 
5 leukocytes within the blood sample and the gross morphological 
appearance of certain classes of these cells can be clinically 
significant. 

10 This ability to further differentiate the leukocyte population, 
thus, provides an invaluable diagnostic tool in the study and 
treatment of various diseases. As is further appreciated, the 
larger the number of sub-populations of leukocytes which are 
identifiable, the more accurate and reliable the identification of 

15 any one such sub-population. 

A number of references have appeared in the recent patent 
literature which disclose various reagent systems and techniques 

20 for enhancing the ability of automated instrumentation to conduct 
white blood cell differentials. The following references are 
representative of the pertinent patent literature in : this field: U.S. 
Patents 3,874,852; 4,286,963; 4,346,018; 4,485,175; 4,520,274; 
4,529,704; and, U.S. Applications Serial No. 615,961 

25 (corresponding International Application PCT/US85/00954, 
published December 19, 1985); and, Serial No. 615,966 
(corresponding International Application PCT/US85/00868, 
published December 19, 1985), all of which are hereby 
incorporated by reference in their entirety. 

30 

U.S. Patent 3,874,852 (to Hamill) describes a reagent system and 
method useful in the performance of leukocyte and hemoglobin 
determinations of whole blood. This reagent system comprises an 
35 essentially ferrocyanide free aqueous solution of quaternary 
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ammonium salt and cyanide ions. This reagent system is 
effective to stromatolyze both red blood cells and platelet cells in 
whole blood and in the conversion of the free hemoglobin to a 
chromagen. This system is reported efficacious for leukocyte and 
hemoglobin determinations with diagnostic accuracy. The 
leukocyte population profile available with this system is, 
however, limited to total white cell count, without further 
differentiation of this cellular fraction into its discrete sub- 
populations. 



U.S. Patent 4.286,963 (to Ledis, et al) describes a lytic diluent and 
method for achieving rapid lysis of red blood cells in whole blood. 
This diluent enhances the ability of automated instrumentation to 

15 perform differential determinations of lymphoid and myeloid 

sub-populations of leukocytes and the quantitative determination 
of hemoglobin. The lytic diluent described by Ledis is composed 
of a mixture of at least one quaternary ammonium salt and an 
aryl substituted short chain alkanol in buffered aqueous medium 

20 (pH 3.5 to 5.0). The lytic diluent of this Ledis patent is, however, 
limited in its ability to effect differentiation of the leukocyte 
population into the two (2) principle sub-populations; namely, the 
lymphoid and myeloid fractions. 

25 

U.S. Patent 4,346,018 (to Carter, et al) describes a multipurpose 
blood diluent and a method for utilizing this diluent in 
combination with a weak lysing reagent system for the 
performance of hemoglobin determination and the differentiation 

30 of lymphocytes into the lymphoid and myeloid sub-populations. 
This diluent comprises, among other constituents, N-(2- 
acetamido)iminodiacetic acid (ADA) as a blood stabilizing agent. 
The lysing. agent comprises an aqueous solution of at least one 
quaternary ammonium salt. The diluent/lytic reagent of this 

35 Carter patent is, however, limited in its ability to effect 
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differentiation of the leukocyte population into the two (2) 
principle sub-populations; namely, the lymphoid and the myeloid 
fractions. In addition, ADA has been found to help stabilize the 
size distribution, cellular shape, and most importantly, the high 
5 degree of cellular dispersion of erythrocytes and platelets to an 
extent not previously observed with other compounds. 

U.S. Patent 4.485.175 (to Ledis, et al) describes a reagent system 
10 and method for performance of differential determinations of 

leukocytes into three (3) sub-populations utilizing automated cell 
counting equipment. This reagent system comprises a blood 
diluent and a lysing agent. The lysing agent (comprising an 
aqueous mixture of quaternary ammonium salts), when added to 
15 the diluted blood sample under mild conditions of concentration 
and at a relatively slow rate, causes unexpected volume 
modifications to the various leukocyte sub-populations. The 
discovery which permitted the attainment of the degree of 
differentiation of the leukocyte population by Ledis, et al is based 
20 upon the observation of the relative greater sensitivity of the 
granulocyte sub-population to lytic agents. By controlling the 
.rate of exposure of the lymphocyte population to lytic agents, the 
granulocyte sub-population is better preserved. The reagent 
system of this Ledis et al patent is, however, limited in its ability 
25 to effect differentiation of the leukocyte population into three (3) 
sub-populations; namely, lymphocytes, monocytes and 
granulocytes. 

30 While all of the above lytic agents and reagent systems facilitate 
the differentiation of the leukocyte fraction of a blood sample (to 
a greater or lesser degree), each suffers from a common - 
deficiency; namely, the inability to effect such differentiation 
without adversely altering the chemical balance of the cells which 

35 are subjected to such treatment. Where such alteration in the 



WO 88/07187 



PCT/US88/0076 



8 

chemical balance is induced, the effect on the cellular population 
. can range from relatively minor changes (i.e. swelling) to lysis. 
Dramatic chemical changes in the physiological environment of. 
the leukocyte population also alters the immunochemical 
5 response of the leukocyte surface markers. The treatment of 
leukocytes with such traditional lytic agent system is, thus, 
inherently incompatible with further immunochemical study of 
these leukocytes. This limitation has thus, up to now, prevented 
the use of lytic reagents, alone or in combination with other 
10 means, for further refinement in the diagnostic process of various 
disease states, based upon the differences in the immunochemical 
response of the respective surface markers of each such cell 
population. 

!5 

OBJECTS OF THE TNVKNTTON 



Accordingly, it is the object of this invention to remedy the above 
20 as well as related deficiencies in the prior art. 

More specifically, it is the principle object of this invention to 
provide a chemical treatment, or pretreatment, of a complex 
25 biological fluid sample, such as whole blood, which facilitates the 
subsequent isolation, identification and/or analysis of one or 
more cellular populations that are present in the fluid sample. 

30 It is another object of this invention to provide a chemical 
treatment, or pretreatment, of a whole blood sample which 
facilitates the partitioning of the sample and thereby the 
subsequent isolation/ identification and/or analysis of the 
leukocyte fraction based upon the physical, physiological and/or 
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immunochemical properties of such fraction in its native or near 
native state. 



5 It is yet another object of this invention to provide a chemical 
treatment, or pretreatment of a whole blood sample which is 
selective for only one of the cellular constituents of sample. 

10 It is still yet another object of this invention to provide a reagent 
system which can rapidly and efficiently partition a whole blood 
sample into an essentially intact leukocyte fraction and a lysed 
erythrocyte fraction. 

15 

It is an additional object of this invention to provide a lytic 
reagent system for use in differential determination of leukocyte 
sub-populations of whole blood. 

20 

It is another additional object of this invention to provide a novel 
lytic reagent system which includes both a lytic reagent and a 
companion quench for use in differential determination of 
leukocyte sub-populations in whole blood. 

25 

It is yet another additional object of this invention to provide a 
novel lytic reagent system which is effective for use in 
differential determination of leukocyte sub-populations in whole 
30 blood by (a) measurement of physical and/or optical properties of 
such sub-populations, and/or (b) observation of the 
immunochemical response or interaction of such sub-populations 
with immunoreagents (i.e. antiserum) specific for one or more 
surface markers on each such cell sub-populations. 



35 
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It is a further object of this invention to provide a method for 
performance of differential determination of leukocyte sub- 
populations by both (a) measurement of their physical and/or 
5 optical properties, and (b) immunochemical response of such sub- 
populations to antiserum specific for one or more surface markers 
on each said sub-populations. 

10 SUMMARY OF THE INVENTION 

The above and related objects are achieved by providing a 
chemical reagent system which is selective in its interactions with 

15 the various cellular components of a complex biological fluid 
sample. This reagent system will, in the various environments 
contemplated for its use, provide at least one reagent component 
. to effectively alter, on a selective basis, one or more cellular 
constituents of the complex biological fluid sample to the degree 

20 necessary to permit the subsequent isolation, identification 
and/or analysis of the cellular constituents of interest. This 
reagent system further contemplates the ^ability to modulate the 
chemical treatment of the cellular constituents of the sample by 
providing a separate reagent which is designed to quench or 

25 retard the action of the cell altering reagent on the cellular 
populations of the sample. 

The principles and concepts of this invention have been 
30 successfully applied to the treatment of whole blood samples 
preliminary to white blood cell differential analysis. The basic 
components of the chemical reagent system of this invention 
include a "lytic reagent" and a companion reagent for the lytic 
reagent referred to as a "quench." The primary functions of the 
35 quench are to retard the activity of the lytic reagent and to 
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restore the ionic balance of the sample subsequent to its 
treatment with the lytic reagent. 



5 The lytic reagent system and method of this invention, thus, has 
as its broadly stated objectives, the selective hemolysis of the 
erythrocyte population of a whole blood sample, while facilitating 
the subsequent isolation, identification and/or analysis of one or 
more of the leukocyte sub-populations of the same sample, based 

10 upon one or more physical, physiological and/or immunochemical 
characteristics which are indicative of the sub-population of 
interest. The lytic reagent of this invention consists essentially of 
a water soluble compound which at least partially dissociates in 
the aqueous media, thereby releasing a proton and a counterion. 

15 When the appropriate concentration of such compound is added 
to a whole blood sample, the extent of dissociation of such 
compound is effective to acidify the sample (pH in the range of 
from 2.6 to about 4.0), while maintaining the osmolality of the 
sample below about 100 mOs. There are at least three (3) classes 

20 of compounds which have been found suitable as lytic reagents 
for achieving the objectives of this invention. These classes 
include low molecular weight carboxylic acids, sulfonic acids and 
activated phenols. 

25 

The carboxylic acids suitable as lytic reagents of this invention 
can be represented by the following formula 



R-COOH 

30 

wherein R is H, an aliphatic hydrocarbon radical having 
from 1-3 carbon atoms; a carbonyl substituted aliphatic 
hydrocarbon radical having from 1-3 carbon atoms; a 
hydroxy substituted aliphatic hydrocarbon radical having 
35 from 1-3 carbon atoms; or an aliphatic hydrocarbon 
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radical having from 1-3 carbon atoms and multiple 
carbonyl and/or hydroxy substituents. 

5 Representative carboxylic acids within the foregoing formula 
include formic acid,, methane-carboxylic acid, (acetic acid), 2- 
hydroxy-ethane-2-carbpxylic acid (lactic acid); 1,2-ethane- 
dicarboxylic acid (succinic acid); and 2 -hydroxy- 1,2,3 -propane- 
tricarboxylic acid (citric acid); and their respective mixtures. 

10 

The sulfonic acids suitable as lytic reagents of this invention can 
be represented by the following formula 

15 R-SO3H 

wherein R is hydroxy, an aliphatic hydrocarbon radical of 
1-3 carbon atoms or aryl. 

20 . 
Representative sulfonic acids within the foregoing formula 
include sulfuric acid; methanesulfonic acid; ethanesulfonic acid; 
benzenesulfonic acid; p-toluenesulfonic acid; hitrobenzenesulfonic 
acid, and their respective mixtures. 

25 _ 

The activated phenols suitable as lytic reagents of this invention 
can be represented by the following formula 

30 

OH 
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wherein R is an electron withdrawing group such as 
halogen, cyano, nitro or any combination of such 
electron withdrawing substituents; and 
n is 1-3. 

5 

Representative activated phenols within the foregoing formula 
include para-nitrophenol; meta-nitrophenol; ortho-nitrophenol; 
2,4-dinitrophenol; para-chlorophenol; para-cyanophenol; and 1- 
chloro-2,4-dinitrophenol; and their respective mixtures. 

10 

The foregoing are representative of the classes of materials which 
can be used as lytic reagents consistent with the objectives of this 
invention. It is appreciated that the relatively weak acids will 

15 exist as both an undissociated compound and in the dissociated 
state within the sample. Strong acids are, of course, essentially 
completely dissociated in the sample. Certain undissociated acid 
and the counterions from the dissociated acids can apparently 
influence the degree of differentiation of the leukocyte fraction, 

20 depending upon their relative concentration in the sample and 
the physiological recognition (if any) of the acid and/or its 
counterion by the cellular analytes of interest. For example, 
phosphoric acid, even at the appropriate pH, is generally not 
acceptable to achieve differentiation of the leukocyte into five (5) 

25 sub-populations. It is hypothesized that counterion compatibility 
(phosphate ion) is unacceptable and, thus, differentiation of the 
leukocyte population is decidedly more difficult. 



30 

In this preferred embodiment of the concepts of this invention, 
the novel lytic reagent system comprises an aqueous solution 
containing a differentiation effective amount of lytic reagent 
selected from the group consisting of formic acid, aceti& acid and. 
35 their respective mixtures. In these mixtures, the formic acid will 
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preferably comprise the major functional component with the 
acetic acid being present in only minor amounts. The phrase 
"differentiation effective amount" is used throughout this 
disclosure as indicative of a concentration of lytic reagent which 
5 is not only effective for lysing red blood cells, but also effects 
subtle changes in the leukocyte cell fraction to facilitate the 
subsequent isolation, identification and/or analysis of this 
leukocyte cellular fraction; including the ability of 
instrumentation to perform differential analysis and 

10 identification of at least five (5) sub-populations of leukocytes. 
The preferred range of concentration of formic acid in the lytic 
reagent is in the range of from about 0.10 to about 0.25% (v/v). 
The concentration of such preferred lytic reagent which has been 
determined as satisfying the foregoing criteria is from about .009 

15 to about 0.020 milliliters of formic acid per milliliter of whole 
blood. This subtle modification of the leukocyte fraction by the 
lytic reagent is achieved while preserving the immunochemical 
response of the surface markers of each of the five (5) cell sub- 
populations of leukocytes. As stated previously, it is the primary 

20 objective in this treatment of the whole blood sample with the 
... _ lytic reagent, that such reagent effectively accomplishes 

stromatolysis of the erythrocyte cell fraction while preserving the 
leukocyte fraction in its essentially native state. 

25 ' 
In one of the preferred embodiments of this invention, the 
reagent system can contain saponin in addition to the lytic 
reagent. The term "saponin" is intended as referring to 
commercial grade quillaja saponin powder. The addition of 

30 saponin to the reagent system is optional and generally only 

appropriate where the clinician is monitoring certain parameters 
of the leukocyte sub-populations other than by photooptical or 
immunochemical techniques. The addition of appropriate 
quantities of saponin to the lytic reagent system is effective in its- 

35 ability to reduce the size of red cell fragments so as to prevent 
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their interference in determination of certain leukocyte 
parameters by measurement of electrical opacity and/or Coulter 
volume utilizing the techniques described in Coulter U.S. Patents 
2,656,508 and 3,502,974 (which are hereby incorporated by 
reference in their entirety). The preferred range of concentration 
of saponin which has been determined as effective for reducing 
red cell fragments is from about 0,006 to about 0.012 grams per 
milliliter of whole blood. In brief, the technique involves the 
measurement of cell volume utilizing radio frequency current 
(RF) and DC field excitation. By generating a particle sensing field 
with both a low frequency or direct current (DC) and radio 
frequency (RF) current excitations, two or more interrelated 
output signals can be derived from passage of a single particle 
(i.e. leukocyte) through an electric field. The value derived from 
this output signal is termed "relative opacity", which is unique for 
each sub-population of leukocyte. The addition of saponin to the 
lytic reagent reduces the size of the red blood fragments to a 
point where they will not interfere with or themselves cause, the 
derivation of an output signal indicative of a species of leukocyte. 

Where cell differentiation is based upon light scatter 
measurements, (utilizing the techniques described in Fulwyler 
U.S. Patent 3,989,381 and/or Auer, et al U.S. Patent 4,038,556 - 
25 which are hereby incorporated by reference in their entirety), the 
red cell fragments do not interfere or adversely effect the 
photometric differentiation of the various sub-populations of 
leukocytes. Thus, the addition of saponin to the lytic reagent 
system is unnecessary where such differentiation is based upon 
3 0 photometric analysis . 

The amount of time of exposure of the blood sample to the lytic 
reagent system is critical to the differentiation method of this 
35 invention. This exposure period, as illustrated in the Examples 



10 



15 
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disclosed hereinafter, should not exceed ten (10) seconds, and 
most preferably, requires only about six (6) seconds or less. Both 
of these exposure times are specified for room temperature (~18- 
28 °C), In each instance, the action of the lytic reagent is 
5 quenched by simple addition of appropriate concentrations of 
salts to the sample to return the cells to their native physiological 
environment. The quench effectively retards further activity of 
the lytic reagent upon the leukocytes without need for the 
addition of fixatives. The quench for the lytic reagent is an 

10 essential complement to the lytic reagent system where 

subsequent analysis of the leukocyte fraction requires retarding 
the activity of the lytic reagent. The leukocytes are stabilized by - 
this quench by controlling the pH within a fairly narrow range 
(pH ~6.00 to 7.25) and osmolality (~300 to 330 milliosmoles). The 

15 quench can also be formulated to match the conductivity of a 

chosen "sheath" fluid which is utilized in a focused flow aperture 
analysis system. The composition and volume of the quench is 
adjusted to provide optimal separation of the five (5) major 
leukocyte subclasses when analyzed in accordance with the 

20 techniques (RF frequency current in combination with DC field 
excitation) described in Coulter, et al U.S. Patent 3,502,974 
(previously incorporated by reference). The leukocyte fraction of 
the sample, treated in the above manner, can be readily 
differentiated to at least five (5) sub-populations by a 

25 hematology analyzer capable of multiple parameter particle (cell) 
measurements; and, by immunochemical interaction with 
antiserum (i.e. antibodies, binding proteins, etc.) that are specific 
for one or more surface markers on the cells of each such cell 
sub-population. 



30 
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BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figs. 1, 2 and 3 are scattergrams representing the white cell 

differential analysis of the blood sample of Example II; the X-axis 
of each such Fig. being different from one another. 

10 Fig. 4 is a scattergram representing the white cell differential 
analysis of the blood sample of Example I. 

Fig. 5 is a scattergram representing the white cell differential 
15 analysis of the blood sample of Example V. 

Fig. 6 is a scattergram representing the white cell differential 
analysis of the blood sample of Example VL 

20 

DESCRIPTION OF THE INVENTION 
INCLUDING PREFERRED EMBODIMENTS 

25 

The lytic reagent -system of this invention comprises an aqueous 
solution containing surprisingly low concentrations of the lytic 
reagent (preferably less than 1.0% by volume). The lytic reagent 
of the reagent system of this invention can generally be described 

30 as a water soluble, acidic compound which at least partially 

dissociates in aqueous media. As noted above in the Summary of 
the Invention, a number of interrelated factors are believed to be 
essential for such compounds to perform within the various 
environments contemplated for this invention. These factors 

35 include pH, osmolality and counterion compatibility. The 
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acidification of the sample is necessary to effect the desired lysis 
of the erythrocytes. Where, however, the pH of this sample 
departs from the preferred range of from about 2.6 to about 4.0, 
the ability to differentiate the leukocyte fraction into five (5) 
5 distinct subpopulations is apparently compromised. 

This ability to effectively differentiate the leukocyte population 
into its various subpopulations is also hindered where the 
osmolality of the lysed sample is not maintained below about 100 
10 mOs. Accordingly, where either pH or osmolality of the lysed 
sample is not maintained within the foregoing parameters, the 
ability to effectively differentiate between the various 
subpopulations of leukocytes is significantly impaired. 

15 The counterion of the dissociated acidic compound has, in certain 
instances, been shown to effect the degree to which 
differentiation of the leukocyte fraction can be effected. For 
example, phosphoric acid, even at concentrations which produce 
the appropriate pH and osmolality, is not (as) effective in the 

20 differentiation of this leukocyte fraction into its various 

subpopulations. It is hypothesized that the counterion of this acid 
(phosphate) interacts in some unknown manner or fails to 
interact with the leukocyte fraction, and thereby does not afford 
the extent of differentiation afforded by other water soluble, 

25 acidic compounds. 

There may also be other factors and mechanisms which are 
inherent in the action of the lytic reagents upon the sample which 
account for the surprising, and unexpected results of this 
30 invention. As of the present, only the above three (3) 

enumerated variables have been identified; and it is not intended 
to imply that there may not be others or that this invention is 
dependant upon only the above identified variables for its 
effectiveness. 

35 
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The lytic reagent of this invention is preferably an aqueous 
solution of formic acid, acetic acid or mixtures of formic and 
acetic acid in which formic acid is the predominant functional 
5 component. This aqueous solution is prepared by simple addition 
of the lytic reagent to deionized water. The amount of lytic 
reagent added to this diluent is sufficient to prepare a solution 
containing from about 0.05 to about 0.5% (v/v) solution. In the 
preferred embodiments of this invention, the concentration of 
10 lytic reagent will range from about 0.1 to about 0.25% (v/v). 



Where the lytic reagent comprises a mixture containing both 
formic and acetic acid, the acetic acid is preferably only present 
15 as a partial replacement for a definitive amount of formic acid 
and then only at a concentration in the range of from about 0.05 
to 0.10% (v/v). 

20 The lytic reagent system also optionally can contain, very small 
amounts of saponin (preferably at least about 0.05 up to about 
0.2 weight percent) in addition to the lytic reagent. As is fully 
appreciate, the effectiveness of saponin, as a lytic reagent, is 
highly concentration dependent. If saponin is used at low 

25 concentrations, it is generally ineffective for this purpose. Were 
saponin to be used as a lytic reagent, it would have to be present 
in concentrations of at least 2.0 weight percent, or more, to effect 
essentially complete stromatolysis of the red blood cells. 
Unfortunately, the saponin, where present at a lytic effective 

30 concentration, can also cause lysis of white blood cells. Thus, any 
changes induced in the white blood cell population utilizing 
saponin as the lytic agent, and their subsequent differentiation by 
automated instrumentation must be based upon whatever 
discernible and distinctive characteristic of their respective 

35 nuclei. Its presence in the lytic reagent system of this invention 
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is, however, desirable where the clinician is concerned with so- 
called "ghosts" (intact red cell membranes) interfering with 
differential measurements based upon distinctions in physical 
and/or electrical properties. As noted previously, saponin would 
5 not be a necessary addition to the lytic reagent system if the 
differential measurements where made by purely photooptical 
instrumentation and/or by immunochemical analysis. 

10 The lytic reagent system can also contain other traditional 
additives, to the extent their presence is not otherwise 
incompatible with the primary functional components of the 
system (i.e. anti-microbial preservatives, such as sodium 
omadine. 

The lytic reagent system of this invention can be combined with a 
whole blood sample by simple manual or automated addition, the 
lytic reagent and sample allowed to briefly interact, and the 

20 action of the lytic reagent substantially retarded by addition of a 
suitable quench. The quench, to be effective in this environment, 
must, thus, be capable of retarding the lytic activity of the lytic 
reagent immediately upon its addition to the aqueous mixture 
contained in the blood sample and the lytic reagent. The precise 

25 formulation of the quench can vary, depending upon the 

composition of the lytic reagent system and the sheath fluid used 
in a focused flow aperture analysis system. The quencfl^is 
typically an aqueous solution containing soluble 5 ^ salts which are 
both effective to substantially retard and/or substantially 

3 0 neutralize the lytic activity of the lytic reagent and restore the 
ionic balance to the sample. This restoration of the ionic balance 
will extend the longevity of the surviving cells and permit 
subsequent analysis on equipment which requires that the 
sample be electrically . conductive (contain electrolytes), as for 

35 example with a Coulter Counter® whole blood analyzer. 
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A quench which is suitable for use in conjunction with a lytic 
reagent composition of this invention can, and usually will, 
5 contain any combination of at least two of the following four 

ingredients: sodium chloride, sodium sulfate, sodium bicarbonate, 
sodium carbonate; and, in addition, sodium azide as a 
preservative. The effectiveness of the quench upon the lytic 
reagent in the context of this invention is determined by its 

10 ability to rapidly reduce the lytic activity of the carboxylic and 
non-volatile mineral acids selected for use in the lytic reagent 
system. As noted above, the method and equipment utilized in 
the differentiation of the leukocyte sub-population can also place 
certain requirements (i.e. conductivity, pH, etc.) upon the precise 

15 formulation of the quench. More specifically, when such 

differentiation is performed in a focused flow aperture analysis 
system, the composition and volume of quench can be critical to 
optimal separation (differentiation) of the five (5) leukocyte 
subclasses from one another. In this type of analysis system, the 

20 ionic balance of the quench must also be adjusted to obtain a 

satisfactory conductivity match of the lysed blood sample to the 
sheath fluid. In the preferred quench formulation, the major 
ionic species and their relative ratio in the lysed-quenched blood 
sample should be essentially the same as the major ionic species 

25 and their relative ratio in the sheath fluid. The relative 

concentration of the functional components of the quench, which 
is to be used in conjunction with the lytic reagent system of this 
invention, will range from about 1 to about 3% (w/v) sodium 
chloride, about 0.25 to about 0.8% (w/v) sodium carbonate or 

30 bicarbonate, and about 2 to about 4% (w/v) sodium sulfate. The 
precise relative quantities of ingredients of the optimum quench 
are generally determined empirically; the objectives of such 
adjustment being to attain the pH of the lysed blood sample 
within the range of from about 6.0 to about 7.5, and a final 

35 osmolality of the stabilized lysed blood sample in the range of 
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from about 300 to about 330 mOs. It has been previously 
observed, in a focused flow aperture system, that optimal 
clustering of the leukocyte, subclasses is achieved by adjustment 
in the osmolality of the final blood sample to about 310 mOs. The 
5 essentially complete neutralization of the acidity of the lysed 
sample with an alkaline quench can be critical to a focused flow 
aperture analysis system. Components of the sample (i.e. fibrin 
and platelets) are pH sensitive and can form aggregates under, 
acidic conditions which can potentially interfere with differential 
10 analysis (i.e. noise) or physically obstruct the aperture of a 
focused flow aperture system. 

It is not contemplated, nor intended, that the quench also 

15 necessarily inhibit or neutralize the saponin (when present). The 
reasons for this are quite simple, in that the saponin, at the 
concentrations contemplated (~0.2 weight percent), is relatively 
ineffective as a lytic reagent. If the quench were to also inhibit 
the saponin activity upon its addition to the sample, adequate 

20 clarification of the sample (destruction of intact red blood cell 

membranes) would not take place. Thus, it is anticipated that the 
activity of the saponin continue of from about 5 to 15 seconds 
subsequent to quenching of the activity of the lytic reagent. It 
may, under some circumstances, be appropriate to provide an 

25 independent quenching -agent for the saponin; however, at the 
concentrations presently contemplated, (less than 0.1%) none 
would appear necessary to achieve or further the objectives of 
this invention. The adequacy of the quenching agent is, of course, 
based upon certain assumptions relating to sensitivity of cells of 

30 sample (analytes of interest) ta the lytic reagent and the period of 
contact of the lytic reagent and these cellular analytes prior to 
analysis. As noted above, the quench retards the lytic activity, it 
does not totally eliminate its effect upon the leukocyte fraction of 
the sample. Thus, if a substantial period of time is to elapse 

35 between addition of quench and analysis of the sample, it may be 
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desirable to fix the leukocyte fraction to preserve the 
characteristic size and shape of the cellular analytes of interest. 

5 In the preferred embodiments of this invention, the duration of 
effective contact of the lytic reagent and the blood sample (from 
the time the two are combined, to the time when the quench is 
added), must be less than ten (10) seconds, and most preferably 
six seconds or less. The interval of reactive contact of the lytic 

10 reagent and blood sample as specified above, presumes such 
reactive contact occurs at room temperature (~18-28°C). Of 
course, if the temperature is in excess of this level, the period of 
reactive contact would be somewhat less and vary inversely; and, 
if the temperature is lower than this level, the period of reactive 

15 contact would be somewhat longer. It is both critical and 

essential to the successful performance of the differential method 
of this invention, that the kinetics of the interaction of the lytic 
reagent upon both the sacrificial cell population (red blood cells) 
and the desirable cell fraction (leukocytes) be controlled carefully 

20 and precisely. The mechanism by which the lytic reagent reacts 
with both cell fractions is not known with precision, only the . . 
manifest effect of such interaction. It is, thus, beyond the scope 
of this discussion to speculate how these improvements in 
differential analysis are attained and, thus, no attempt is made 

25 herein to explain or later claim such mechanism. 

By limiting the exposure of both these cell fractions to the lytic 
reagent, stromatolysis of the erythrocytes is effectively and 
30 efficiently accomplished, while additional subtle changes are 

induced in the leukocytes by the quench to enable their effective 
differentiation. Both of these events occur essentially 
concurrently, while preserving the native immunochemical 
reactivity of the differentiated leukocyte fraction. 



35 
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As noted above, the duration of contact of the lytic reagent with 
the blood is sufficient to effect a selective destructive response of 
the sacrificial cell fraction, while at the same time effecting a 
5 differential response in the leukocyte fraction; such changes 
unexpectedly permitting the physical differentiation of at least 
five (5) cell sub-populations of leukocytes from one another. The 
lytic reagent, in sharp contrast to the more traditional types of 
lyse (i.e. saponin, quaternary ammonium salts), does not 
10 detrimentally alter the native immunochemical response of the 
surface markers of each of the cells within the leukocyte sub- 
populations. This quality is believed to be unique to the lytic 
reagents of this invention. 

15 

Blood samples which have been exposed to the above lytic 
reagent system can be subjected to differential measurement on 
instrumentation designed for this purpose. Such differentials can 
be performed on a device utilizing technology of the type 

20 described in U.S. Patents 3,549,994 (which is hereby incorporated 
by reference in its entirety), 3,502,974 and 3,989,381. Features 
of the inventions described in the above referenced patents can 
be embodied into commercially practical instrumentation. In 
brief, the blood sample is initially treated by mixing with the lytic 

25 reagent system, utilizing automated pipetting equipment. The 
lytic action of the lytic reagent on the sacrificial cell population 
(red blood cells), must be both rapid and effective. A quench 
then is added by similar pipetting means to substantially retard 
the activity of the lytic reagent upon the surviving cell fraction 

30 (leukocyte). The sample containing the leukocyte fraction then is 
subjected to counting of each of the individual cell sub- 
populations, and/or histograms and/or scattergrams generated 
from the data collected in this fashion. 



35 
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The principle involved in performance of Coulter volume 
measurements is well known to those skilled in the art as the 
"Coulter Principle." In brief, the operation of instrumentation 
utilizing the Coulter Principle involves the measurement of 
5 change in the impedance caused by the passage of individual cells 
through a . sensor designed to detect a voltage drop caused by the 
presence of the cell. The instrumentation utilizing this principle 
comprises two fluid vessels or chambers, each containing a 
conductive electrolyte solution. At least two electrodes having 

10 opposite polarity are immersed in the electrolyte solution, with 
each fluid compartment having one of the electrodes disposed 
therein. A sample of the electrolyte solution, having the blood 
cells suspended therein, is passed through a constricted fluid 
path, or orifice, interposed between the two fluid compartments. 

15 Although the constricted pathway can take different forms, in 
each device such path defines a sensing zone wherein the 
presence or absence of a particle gives rise to a detectable change 
in electrical characteristics of the path. For example, relatively 
poorly conductive blood cells passing through this path, displace a 

20 volume of electrolyte solution equal to the cell volume, causing a 
voltage drop by increasing the path impedance. The resistance 
pulses defined by the drops in voltage are used for particle 
counting and particle volume determination. The Coulter 
principle is more fully described in U.S. Patent 2,656,508. This 

25 technique for sensing and identifying specific cell populations can 
be enhanced by a combination of Coulter principle measurements 
with radio frequency excitation of the cells within the sensing 
zone. In brief, this radio frequency enhancement operates upon 
the principle that a particle moving through the sensing zone of a 

30 hematology analyzer will cause a phase shift in radio frequency 
(RF) energy within the sensing zone. This shift in phase can be 
correlated with physical and compositional characteristics of a cell 
population. This technique for RF differentiation of cells is more 
fully described in U.S. Patent 3,502,974. White cell 

35 differentiation also can be achieved utilizing optical measurement 
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principles of flow cytometry as described in U.S. Patent 3,380,584 
(which iSr hereby incorporated by reference in its entirety). 

5 The lytic reagent system of this invention is effective to induce 
subtle changes in the leukocyte cell fraction to enhance the 
differentiation of five (5) distinct sub-population of leukocytes on 
automated cell counting equipment, see for example, U.S. 
4,412,004 (to Ornstein, et al - which is hereby incorporated by 

10 . reference in its entirety). These five (5) distinct sub-populations, 
as noted previously, include: lymphocytes, monocytes and three 
species of granulocytes (eosinophils, basophils and neutrophils). 
Each of these sub-populations of leukocytes have distinctive 
surface markers. In certain disease states, the surface markers 

15 on one or more of these sub-populations will provide a unique 
immunochemical response and, thus, make diagnosis or 
confirmation of disease possible at an early stage of its 
development. The detection of these distinctive surface markers 
on one or more of these sub-populations of leukocytes will, of 

20 course, be dependent upon the ability to effectively physically 
isolate these cells having characteristic disease state surface 
markers from the non-effected cells; and, the relative 
concentration of the effected cells within the sample being 
analyzed. 

25 . 

The initial lytic conditions contemplated by this invention permit 
an extension in the longevity of the cell populations which 
survive and which are to be differentiated from one another. For 

30 the most part, it is anticipated that cell longevity of at least 

seventy-two (72) hours would be appropriate for certain types of 
immunochemical analysis. In certain applications of this 
differential method, it may be both necessary and appropriate to 
maintain one or more of these sub-populations in vitro for 

35 several hours, or possibly even several days. In order to achieve 
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such extended stability, it is advisable to physically separate the 
leukocytes from the fluid fraction containing the lytic 
reagent/quench mixture and, thereafter, resuspended such cells 
in a physiological medium. 

5 

The following examples are provided as illustrative of the unique 
advantages of the lytic reagent system of this invention. The 
equipment and techniques utilized in the preparation and 
10 evaluation of this lytic reagent system are standard or as 

hereinbefore described. Parts and percentages appearing in such 
Examples are by weight unless otherwise stipulated. 

15 EXAMPLE I 

The lytic reagent system of this invention was prepared from 
reagent grade chemicals. A 0.12% (v/v) formic acid solution was 
20 initially prepared by combining 1.3 ml of 90% formic acid and 

998 ml deionized water. A 50 jiL whole blood sample (K3 EDTA) 

and 800 microliters of 0.12% formic acid solution are gently 
mixed by swirling the two together for five (5) seconds at room 
temperature (~ 20°C). The lytic action of the formic acid arrested 

25 after about 5 seconds, by the addition of 400 \il of a quench 
solution containing 0.55% sodium bicarbonate, 3.0% sodium 
chloride and 0.01% sodium azide. The sample was adequately 
quenched and ready for differential analysis by flow cytometry 
techniques within about 5 to 10 seconds subsequent to the 

30 addition of the quench. The equipment used in such differential 
analysis was equipped with a helium/neon laser and silicon diode 
detectors for measurement of light scatter. The leukocytes are 
observed and their individual parameters determined by optical 
parameter analysis, i.e. measurement of light extinction (zero 

35 angle scatter), and any one of several angular ranges of light 
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scatter. The scattergram of the sample generated in the above 
manner is illustrated as Figure 4. Five (5) distinct sub- 
populations of leukocytes are identified and quantified in this 
scattergram. 



EXAMPLE II 



10 The procedures of Example I are repeated, except for the addition 
of 0.05% (w/v) saponin powder to the aqueous solution containing 
0.12% formic acid. The whole blood sample (50 microliters) is 
then combined (as previously described) with 600 microliters 
lytic reagent. The lytic reagent is quenched after 6 seconds by 

15 addition of 265 microliters of an aqueous solution containing 
0.60% sodium carbonate, and 3.00% sodium chloride. 

The addition of saponin to the lytic composition effectively 
20 eliminates interference of the red cell debris from Coulter volume 
measurements. The effectiveness of the saponin is highly 
temperature dependent. The essentially total elimination of 
interference from red cell debris requires an additional 10 
seconds (at room temperature ~18 to 28°C) subsequent to 
25 completion of lysing the red cell fraction of the sample. In the 
event the sample is maintained at a lower temperature (below 
18°C), a somewhat longer period will be required to effectively 
eliminate interference from the red cell debris by the saponin. 

30 

The sample was ready for differential analysis within about 10 to 
20 seconds subsequent to the addition of the quench. The sample 
was subjected to photo-optical measurement as described in 
Example I. Leukocytes in the sample were also observed by 
35 measurement of DC and RF volumes using an ISOTON® II sheath 
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fluid and the resultant scattergram is illustrated in Fig. 1. Four 
distinct sub-populations of leukocytes were identified and 
quantified in the simultaneously obtained light scatter vs. DC 
scattergram of Fig. 2. A fifth sub-population of leukocyte 
(basophils) is isolated by generation of a "gated" secondary 
scattergram. This basophil population is depicted in the 
scattergram illustrated in Fig. 3. 



10 EXAMPLE III 



The procedures of Example II are repeated, utilizing the same 
formic acid/saponin reagent composition. The lytic activity of the 

15 formic acid is. arrested with a quench containing 3.13% (w/v) 
sodium sulfate (anhydrous), 1.45% (w/v) sodium chloride and 
0.60% (w/v) sodium carbonate (anhydrous). The sample was 
analyzed by electro-optical techniques in the manner described in 
Example II and the scattergram results were similar to that of 

20 Figs. 1,2 and 3. The sheath fluid was, however, changed to 
ISOTON® IE diluent. 



25 



E XAMPLE IV 



The procedures of Example III were repeated, except for use of a 
concentrated lysed-quenched blood sample for more rapid data 
acquisition. The lytic reagent comprises 0.15% (v/v) formic acid 
,30 and contains 0.10% (w/v) saponin powder. The lytic activity of 
the formic acid was arrested by a quench containing 2.67% (w/v) 
sodium sulfate (anhydrous), 1.24% (w/v) sodium chloride and 
0.56% (w/v) sodium carbonate (anhydrous). 

35 
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This differential analysis was performed by addition of 50 
microliters whole blood to a glass culture tube containing 300 
microliters lyse reagent. The sample and lyse are mixed by 
swirling the contents of the tube for approximately 6 seconds and 
5 the lytic activity of the formic acid arrested by addition of 165 
microliters of the above quench. The sample was then subjected 
to electro-optical measurement in the manner described in 
Example II and the resultant differential analysis was comparable 
to that of Example II, (as illustrated in Figs. 1,2 and 3). 

10 

EXAMPLE V 



15 The procedures of Example I were repeated, except for the 

substitution of 0.1% (v/v) acetic acid for the formic acid in the 
lytic reagent system. The lytic activity of the reagent was 
arrested, after approximately 5 seconds, with a quench 
comprising 0.25% sodium bicarbonate in 2.0% sodium chloride 

20 solution. The sample was adequately quenched and ready for 

differential analysis by flow cytometry techniques within about 5 
to 10 seconds subsequent to the addition of the quench. The 
equipment and analytical techniques used in such analysis were 
essentially the same as in Example I. The differential analysis 

25 performed on this sample is illustrated in the scattergram of Fig. 
5. 



FXAMPIE VI 

30 

The procedures of Example V were repeated except for extending 
the period of contact of the sample and the lytic reagent from 5 to 
7 seconds prior to the addition of the quench. The quench was 
35 also modified slightly by increasing the concentration of sodium 
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bicarbonate from 0.25% to 0-375% in the 2.0% sodium chloride 
solution. The results of this differential analysis of the leukocyte 
population are illustrated in the scattergram of Fig. 6. 

5 

EXAMPLE VII 

The procedures of Example I are repeated, except for the 
10 separation and identification of the various sub-populations of 
leukocyte by immunochemical techniques. Once the action of the 
lytic reagent is quenched, the sample is diluted with an isotonic 
buffer and sequentially slurried with a series of magnetic 
particles, each of which having been pre-treated with a different 
15 antiserum specific for adsorption of only one species of 

leukocytes. The adsorbed cells can be separated sequentially 
from the sample using the conventional magnetic particle 
separation techniques described in the previously incorporated 
references. The separated particles can then undergo additional 
20 screening for surface markers which are indicative of one or more 
disease states. 

EXAMPLE VIII 

25 

The procedures of Example VII are repeated, except that the cells 
are separated from the magnetic particles and cultured with an 
immortal cell line in accordance with the procedures of Kohler 
30 and Milstein, Nature, Vol. 256, 495-497 (1975). The clones 
produced in this fashion are screened for the production of 
antiserum specific for the surface marker of interest. 



0 



WO 88/07187 



PCT/US88/00762 



32 



10 



20 



EXAMPLE IX 



The procedures of Example V are repeated, except for the 
substitution of 0.1% (v/v) citric acid for . the acetic acid in the lytic 
reagent system. This substitution achieved results comparable to 
that attained in Example V. 



EXAMPLE X 



15 The procedures of Example V are repeated, except for the 

substitution of 0.1% (v/v) succinic acid for the acetic acid in the 
lytic reagent system. This substitution achieved results 
comparable to that attained in Example V. 



EXAMPLE XT 



The procedures of Example V are repeated, except for the 
25 substitution of 0.1% (v/v) lactic acid for the acetic acid in the lytic 
reagent system. This substitution achieved results comparable to 
that attained in Example V. 



30 EXAMPLE XII 



The procedures of Example V are repeated, except for the 
substitution of 0.05% (v/v) sulfuric acid for the acetic acid in the 
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lytic reagent system. This substitution achieved results 
comparable to that attained in Example V. 

5 The foregoing Detailed Description and Examples are intended as 
illustrative of some of the preferred embodiments of the lytic 
reagents, reagent systems and methods of this invention. It is 
not the intent of the inventors that these specific embodiments of 
their invention be interpreted as indicative of the scope or 
10 breadth thereof, but rather simply supportive of the claims which 
are set forth hereinafter. 
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CLAIMS 

1. A lytic reagent system for chemical treatment of a whole blood 
5 sample so as to effect the partitioning of said sample into two 
distinct fractions, an essentially intact leukocyte fraction and a 
lysed erythrocyte fraction, said system comprising a first aqueous 
solution having a lytic reagent comprising a water soluble 
compound which at least partially dissociates in aqueous media so 
10 as to generate free protons and counterions, 



said system being characterized in that said first 
aqueous solution comprises a differentiation effective 
15 amount of a lytic reagent and that said system includes a 

second aqueous solution comprising a quench specific for 
said lytic reagent, 

said differentiation effective amount of said lytic 
20 reagent, when added to the whole blood sample, effecting: 

(i) a decrease in the pH of the sample from its physiological 
level to a pH in the range of from about 2.6 to about 4.0 
while maintaining the osmolality of the sample at less than 
about 100 mOs; (ii) rapid and essentially complete 
25 hemolysis of said erythrocyte fraction and; (iii) subtle 

changes in said leukocyte fraction to enhance the ability of 
instrumentation to perform differential analysis and 
identification of at least five (5) sub-populations of 
leukocytes, said subtle changes being effected while 
30 preserving said leukocyte fraction in its essentially native 

physiological and/or immunochemical state; and, 



35 



said second aqueous solution comprising an alkaline 
salt solution, which upon contact with said lytic reagent 
effectively and rapidly arrests the chemical action of said 
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lytic reagent upon the sample and restores the native 
physiological environment by stabilizing the lysed sample 
at a pH in the range of from about 6 to about 7.5 and an 
osmolality in the range from about 300 to about 330 mOs, 
5 so as to permit the analysis of the leukocyte fraction in its 

native or near native condition. 

2. The lytic reagent system of claim 1, characterized wherein said 
10 lytic reagent has the following formula 

R-COOH 

wherein R is H; an aliphatic hydrocarbon radical having 
15 from 1-3 carbon atoms; a carbonyl substituted aliphatic 

hydrocarbon radical having from 1-3 carbon atoms; a 
hydroxy substituted aliphatic hydrocarbon radical having 
from 1-3 carbon atoms; or an aliphatic hydrocarbon 
radical having from 1-3 carbon atoms and multiple 
20 carbonyl and/or hydroxy substituents. 

3. The lytic reagent system of claims 1 or 2, characterized 
wherein said lytic reagent is selected from the group consisting of 

25 formic acid; acetic acid; citric acid; succinic acid; lactic acid; or, 
their respective mixtures. 

4. The lytic reagent system of claims 1 or 2, characterized 

30 wherein said concentration of lytic reagent in said first aqueous 
solution, can range from about 0.01 to about 1.0% (v/v). 
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5 r The lytic reagent system of claims 1 or 2, characterized 
wherein said concentration of lytic reagent in said first aqueous 
solution can range from about 0.05 to about 0.5% (v/v). 

5 

6. The lytic reagent system of any one of claims 1, 2, 3, 4 or 5, 
characterized wherein said first aqueous solution is further 
characterized as having an additional active component, said 
additional active component comprising saponin and being 

10 present at an erythrocyte stroma clarification effective amount in 
the range of from about 0.05 to about 0.20% (w/v). 

7. The lytic reagent system of claim 1, characterized wherein said 
15 lytic reagent has the following formula: 

R-SO3H 

wherein R is hydroxy, an aliphatic hydrocarbon radical of 
20 1-3 carbon atoms, or aryl. 

8. The lytic reagent system of claim 7, characterized wherein said 
lytic reagent is selected from the group consisting of sulfuric acid; 

25 methanesulfonic acid; ethanesulfonic acid; benzenesulfonic acid; 
p-toluenesulfonic; m-nitrobenzenesulfonic acid; and, their 
respective mixtures. 

30 9. The lytic reagent of claim 1, characterized wherein said lytic 
reagent has the following formula: 



35 



OH 
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wherein R is an electron withdrawing group such as 
» halogen, eyano, nitro, or any combination of said 

5 electron withdrawing group; and 

n is 1-3. 



10. The lytic reagent system of claim 9, characterized wherein 
10 said lytic reagent selected from the group consisting of para- 

-ni-troph en cl ; rneta-ni troph en o 1 ; or t ho-nitr oph en ol ; 2,4- 
dinitrophenol; para-chlorophenol; para-cyanophenol; 1 -chloro- 
2,4-dinitrophenol; and, their respective mixtures. 

11. A method for partitioning a whole blood sample into two 
distinct fractions, an essentially intact leukocyte fraction and a 
lysed erythrocyte fraction, said method being characterized by 
the following steps performed in the following order: 

(a) providing a lytic reagent system having: 

(i) a first aqueous solution comprising a diluent and a 
lytic reagent comprising a water soluble compound which 
25 at least partially dissociates in aqueous media so as to 

generate free protons and counterions, said first aqueous 
solution being characterized as containing a 
differentiation effective amount of said lytic reagent, 

30 said differentiation effective amount of said compound, 

when added to the whole blood sample, effecting: (i) a 
decrease in the pH of the sample from its physiological 
level to a pH in the range of from about 2.6 to about 4.0 
while maintaining the osmolality of the sample at less 

35 than about 100 mOs; (ii) rapid and essentially complete 
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hemolysis of the red blood cell fraction and; (iii) subtle 
changes in the leukocyte cell fraction to enhance the 
ability of instrumentation to perform differential analysis 
and identification of at least five (5) sub-populations of 
5 leukocytes, said subtle changes being effected while 

preserving the leukocyte sub-populations in their 
essentially native physiological and/or immunochemical 
state; and, . 

10 (ii) a second aqueous solution consisting essentially of an 

alkaline salt solution of a quenching reagent, which upon 
contact with the lytic reagent effectively and rapidly 
arrests the chemical action of said lytic reagent upon the 
sample and restores the native physiological environment 

15 by stabilizing the lysed sample at a pH in the range of 

from about 6 to about 7.5 and an osmolality in the range 
from about 300 to about 330 mOs, so as to permit the 
analysis of the leukocyte fraction in its native or near 
native condition; 

20 

(b) contacting said whole blood sample with said 
differentiation effective amount of said lytic reagent 
system; 

25 (c) allowing said lytic reagent and said sample to interact 

for an interval not to exceed ten seconds at a temperature 
in the range of from about 18 to 28 °C; and, 

(d) retarding the interaction of said lytic reagent upon said 
30 leukocyte fraction of the sample by addition of a quenching 

reagent, said quenching agent being present in sufficient 
concentration to essentially immediately retard the lytic 
activity of the lytic reagent and restore the physiological 
environment of said leukocyte fraction within the sample. 
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12. The method of claim 11, characterized by utilizing the lytic 
reagent system of claim 2. 

5 

13. The method of claim 11, characterized by utilizing the lytic 
reagent system of claim 7. 

10 14. The method of claim 11, characterized by utilizing the lytic - 
reagent system of claim 9. 

15. The method of any one of claims 11, 12, 13 or 14, 
15 characterized wherein the concentration of said lytic reagent in 
said first aqueous solution, can range from about 0.05 to about 
0.5% (v/v). 

20 16. The method of any one of claims 11, 12, 13, 14 or 15, 

characterized wherein said first aqueous solution is characterized 
as having an additional active component, said additional active 
component comprising saponin and being present at an 
erythrocyte stroma clarification effective amount in the range of 

25 from about 0.05 to about 0.20% (w/v). 

17. A test kit for partitioning a whole blood sample into two 
fractions, an essentially intact leukocyte fraction and a lysed 
30 erythrocyte fraction, said test kit comprising a first aqueous 
solution which contains a lytic reagent which at least partially 
dissociates in aqueous media to generate free protons and 
counterions, 
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said test kit . being, characterized as having two distinct 
and complementary solutions, said first aqueous solution 
containing a lytic reagent which is effective, when present 
at a differentiation effective amount, to selectively lyse said 
erythrocyte fraction of said whole blood sample and a 
second complementary solution containing a quench, 
specific for said lytic reagent, which is effective when 
present at appropriate amounts, to retard the lytic activity 
of said lytic reagent upon the sample, 



said differentiation effective amount of said lytic 
reagent, when added to the whole blood sample, effecting: 
(i) a decrease in the pH of the sample from its physiological 
level to a pH in the range of from about 2.6 to about 4.0 

1 5 while . maintaining the osmolality of the sample at less than 

about 100 mOs; (ii) rapid and essentially complete 
hemolysis of said erythrocyte fraction and; (iii) subtle 
changes in said leukocyte fraction to enhance the ability of 
instrumentation to perform differential analysis and 

20 identification of at least five (5) sub-populations of 

leukocytes, said subtle changes being effected while 
preserving said leukocyte fraction in its essentially native 
physiological and/or immunochemical state, 

25 a quench consisting essentially of an alkaline aqueous 

salt solution which is effective, upon addition to the sample, 
to rapidly retard the lytic activity of said lytic reagent, 
while stabilizing the lysed sample at a pH in the range of 
from about 6 to about 7.5 and an osmolality in the range of 

30 from about 300 to 330 mOs. 
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18. The test kit of claim 17, characterized wherein said lytic 
reagent has the following formula: 

R-COOH 

5 

wherein R is H; an aliphatic hydrocarbon radical having 
from 1-3 carbon atoms; a carbonyl substituted aliphatic 
hydrocarbon radical having from 1-3 carbon atoms; a 
hydroxy substituted aliphatic hydrocarbon radical having 
10 from 1-3 carbon atoms; or an aliphatic hydrocarbon 

radical having from 1-3 carbon atoms and multiple 
carbonyl and/or hydroxy substituents. 

15 19. The test kit of claims 17 or 18, characterized wherein said 
lytic reagent is selected from the group consisting of formic acid; 
acetic acid; citric acid; succinic acid; lactic acid; or, their respective 
mixtures. 

20 

20. The test kit of claims 17 or 18, characterized wherein said 
concentration of lytic reagent in said first aqueous solution, can 
range from about 0.01 to about 1.0% (v/v). 

25 

21. The test kit of claims 17 or 18, characterized wherein said 
concentration of lytic reagent in said first aqueous solution is 
from about 0.05 to about 0.5% (v/v). 

30 

22. The test kit of any one of claims 17, 18, 19, 20 or 21, 
characterized wherein said first aqueous solution is further 
characterized as having an additional active component, said 
additional active component comprising saponin and being 



WO 88/07187 



PCT/US88/0076 



42 

present at an erythrocyte stroma clarification effective amount in 
the range of from about 0.05 to about 0.20% (w/v). 

5 23. The test kit of claim 17, characterized wherein said lytic 
reagent has the following formula: 

R-SO3H 

10 wherein R is hydroxy, an aliphatic hydrocarbon radical of 

1-3 carbon atoms or aryl. 

24. The test kit of claim 23, characterized wherein said lytic 
15 reagent is selected from the group consisting of sulfuric acid; 

methanesulfonic acid; ethanes ulfonic acid; benzenesulfonic acid; 
p-toluenesulfonic; m-nitrobenzenesulfonic acid; and, their 
respective mixtures. 

HO 

25. The test kit of claim 17, characterized wherein said lytic 
reagent has the following formula: 

OH 

(R)n 

wherein R is an electron withdrawing group such as 
30 halogen, cyano, nitro or any combination of said electron 

withdrawing group; and n is 1-3. 

26. The test kit of claim 25, characterized wherein said lytic 

35 reagent is selected from the group consisting of para-nitrophenol; 
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meta-nitrophenol; ortho-nitrophenol; 2,4-dinitrophenol; para- 
chlorophenol; para-cyanophenol; l-chloro-2,4-dinitrophenol; and, 
their respective mixtures. 
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